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2615 Washington Biv St. Lovis 3, Mo 
TRUSTED NAME IN LIGHTIP NCE 19 





Designed to direct traffic, protect your 
workers, identify various plant or storage areas 
. .. and create new standards of seeing- 
efficiency for greater productivity. 


They ‘wash away” ceiling shadows, yet 
assure high footcandles with comfortable 
shielding for the working level: 10% uplight 
with 13° cut-off or 25% uplight with 27° cut- 
off... for 430, 800 or 1500 M. A. operation. 
Easy installation and maintenance. Three 
reflector finishes—Permalux White, 
Porcelain or Alzak Aluminum. 


WRITE FOR FREE KOLORKODED BULLETIN 


TRAFFIC LIGHTS 


Nilelalslela>Miaelaa-tielia) 
facaAlsiaiel; ts (without 
Kolorkode) for general 


work areas are RLM listed 








at exits, fire pro- 
tection systems, 
keep-out areas, etc. 


YELLOW \ at stairs, curbs, 
FOR Pel-tele M-Talet el ale| 
‘CAUTION. 


other hazard areas. 


in aisles, 
safe storage, 
first-aid, etc. 











Don't Price Yourself Out of the 
PLUS Features You Get with 


SQUARE D CONTROL CENTERS 
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industrial construction 
All outer surfaces and struc- 
tural parts are 12 gauge 
steel. Corner channels, cross 
members and doors are 
formed on special dies for 
maximum rigidity. Rust-re- 
sisting finish— phosphatized 
plus baked enamel. 
a: 


y 


GET THE COMPLETE STORY 


BULLETIN SM-244 gives detailed informa- 
tion on all of the “plus” advantages you get 
when you specify Square D motor control 
centers. Send for acopy. Square D Company, 
4041 North Richards St., Milwaukee 12, Wis. 


Saves space 

Unit heights in 3-inch incre- 
ments—an exclusive Square D 
advantage which permits use 
of units with minimum heights, 
eliminates the wasted space 
typical of modular systems. 


Liberal wiring space 
Wiring channels arelarge 
and accessible. No wire 
fishing through narrow 
passageways — wires can 
be laid in position — less 
costly installation. 


Bulit-in safety 

Units are metal-enclosed 
to confine damage should 
a fault occur. Unit side 
plates are permanently 
attached—can't be ac- 
cidentally discarded. 
Switch-type units have 
visible blade discon- 
nects for added safety. 


Extra control flexibility 
A variety of removable 
panels accommodates up 
to four oil-tight push 
buttons and pilot lights. 


Tubular vertical buses 

Another Square D 
“exclusive” — inherently 
stronger—greater cooling 
surface. Extra-wide spac- 
ing between phases 
gives added “break. 
down” protection. Plug- 
in stabs are silver-plated 
copper backed by steel 
springs — give high pres- 
sure low resistance con- 
tact at all times. 


4 eo ‘ 
ij ' L 


EC&M neavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 
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“AE” Plug and 

Receptacle *““AE’’ Series 30, 60, and 

Series Unilets 100 ampere plugs and 
receptacles come equipped 
with solderless connectors 
and replaceable interiors. 
Choice of lift cover, or 
threaded cap types. 


“V¥-51" Vapor 
Tight Lighting 
Fixture Unilets 

















Vapor-tight lighting fixture series for use with 
rigid conduit. Known for its patented unit con- 
struction. Reflector and guard can be put on and 
taken off quickly... without tools! Designed for 
easy installation plus simple maintenance. 


“GS"’ Series 
Vapor-Tight Unilets 


Full line of vapor-tight covers. Bodies with or with- 
out mounting lugs, and variety of hub arrange- 


nents Enetltent iy acc uithanporteht inte, One of the most complete selections in the industry! 


switches, plug and receptacle housings, etc. 


Yes, APPLETON can supply you... with a wide variety of Unilets for 
same receptacles, switches, plain junctions, pilot lights, fixture hangers, etc. 
Hanger Series Ample wiring room. Assorted hub arrangements. You name it, we’ve 
Uniiets got it... for indoors or out. 


And every APPLETON product is made to the rigid quality standards 
pioneered by APPLETON engineers. They are easy to wire, are blemish free, 
Two styles available have clean, chamfered threads conforming to N.P.T. requirements assuring 
- » + ball of cushion. a tight joint and positive ground. Next time you buy, specify APPLETON! 
Provides a perfectly - 
aligned flexible o> 
suspension of electrical : ye y 
fixtures and allows Le Form 35 “JB” Series 
a swivel to 20° Series rf Sa Vapor-Tight 
in any direction. Series Unilets | ; Unilets _ Unilets 
, 


é 


Weather-proof housings for junctions, Threaded and no-threaded malleable iron With or without mounting lugs. 4 tapped 
receptacles and switches... for use series... taper threads... covers held by holes and 2 close-up plugs or blank body 
outdoors or in. One, two, three and screws — will not vibrate loose. . . high without close-up plugs. 45", %" and 1” sizes 
four-gang styles. quality finish . . . full line. for use as “E’’, “*C’’, “T’’, or “*X"’ bodies. 


Sold Through Franchised Distributors Only 


ol oO Omen en. Bae a. i 4 


ngton Avenue . Chicago 13, Illinois 


Explosion-Proof 
Also Lighting Fixtures 
Manufacturers 
of: i} 
“ST” Series Reelites 
Connectors 
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Preface, An Editorial 


Modern Electrical Design 


An original engineering manual on practical design and layout 
General Considerations 
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Distribution System 
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Questions on the Code 
Answers to code questions including continuity over flexible conduit 


connectors; rating of lisconnecting means; transformer vault con 
struction 


In the News 


Dates Ahead 





SUBSCRIPTIONS: Send subscription correspondence and change of address to Subscription 
Manager, Electrical Construction and Maintenance, 330 West 42nd Street, New York 36, 
N. Y. Subscribers should notify Subscription Manager promptly of any change of address, 
giving old as well as new address, and including postal zone number, if any. If possible, 
enclose an address label from a recent issue of the magazine. Please allow one month for 


change to become effective. 


Please send form 3579 to Electrical Construction and Maintenance, 330 West 42nd St., New York 36, N. Y. 


MAY, 1959 





fape obe 





Acconare Tues 


FRICTION .... RUBBER .... PLASTIC 


Send for our latest catalog describing details 


ACCURATE MANUFACTURING COMPANY 
Gartield, New Jersey 





Washington Report 





MAY © 1959 


Industrial output set a new record in March when the Federal 
Reserve Board's index rose 2 points to 147% (of 1947-49 aver- 
age)—up 2 points from the pre-recession high of 145% in 
August 1957, and one point above the previous record of 146% 
in February 1957. Government economists predict a continua- 
tion of the upward production trend through this quarter, but 
expect some slowing down of economic activity in the 3rd 
quarter. Increased activity in steel and other commodities 
throughout this quarter, in protection against a possible steel 
strike in July, and subsequent price increases, will probably 
taper off, they believe. But record income and growing con- 
sumer demand, it is recognized, may outweigh slowdowns in 
hard goods production and inventories, keep economic activity 
moving upwards. 


Building construction continues to forge ahead, will probably 
set a new 2nd-quarter record of some $13.3 billion. That 
would compare with under $12 billion for the same quarter 
last year, $12.3 billion in 1957. Total value of new construc- 
tion in this year’s first quarter was a record $10.9 billion, and 
for March was $3.8 billion compared with $3.3 billion for March 
last year. 

Housing will be the biggest single contributing influence to 
construction’s 2nd-quarter record. Value of housing for this 
period is expected to total about $5 billion. This compares with 
$4.2 billion for this period last year. 

Housing starts in March totaled 117,000, a gain of 29,100 
from February, for a_ seasonally-adjusted annual rate of 
1,390,000. The March starts were nearly 40,000 above the 
77,300 for March of last year. 

Financing of housing for this year is estimated to break down 
as percentage of units started about as follows: convention- 
ally—60%; FHA—25%; VA—10%; and government—5%. 

Other construction highlights: new contracts for industrial 
building are running about 25% ahead of a year ago; about 900 
new shopping centers will be opened this year, compared with 
300 last year, and 300 in 1957; bantam markets (small super- 
market-type stores located for customer convenience) are grow- 
ing in numbers—nearly 700 already exist, 300 more will open 
this year. 


Two thermoelectric generators have been ordered by U. S. 
Navy Bureau of Ships. These units will transform heat directly 
into electricity, will have no moving parts, will be practically 
noiseless and vibrationless—and the first to be built on other 
than an experimental basis. 


Big 80-passenger mobile lounges will ferry jet plane passen- 
gers between terminal buildings and planes at new International 
Airport at Chantilly, Va., 35 minutes from downtown Wash- 
ington, D. C. Airlines and Federal Aviation Agency agreed to 
use of these ‘‘people pods” to save construction of two miles 
of octopus-like causeways leading from terminal to arrival and 
departure gates. 


Gross national product (GNP) hit a record annual rate of $464 
billion during Ist quarter of this year, government economists 
reported. This is a $11 billion gain over 4th quarter of 1958, 
and compares with a total of $437.7 billion for 1958 as a 
whole. Recent estimates point to a record $470 billion total 
for 1959, with the 2nd quarter hitting a record of about $475 
billion. 

















SLIDE-TOP BOX. Spout opens instantly—on one 
side— at a touch on the slide. 

Top is never off. Doesn’t spill lugs if it’s dropped. 
The Connectors on both pages are ACTUAL 
SIZE— there was not room to show the largest 
(up to 2,000 MCM). 

Tool for large Penn-Crimps shown } actual size. 
Tool for 22-10 Penn-Crimps shown 1% actual size. 


HAVE YOU A CONNECTOR PROBLEM? 
Special Designs and Sizes can be furnished. 


= good connection 
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PENN-CRIMP 


All the Penn-Crimps shown here, and many more— 





Lugs, Parallel Splices and Butt Splices... Pigtails, Tags. 


With color-coded Insulation . . . with grip for the Con- 
ductor’s Insulation . . . or Non-Insulated . . . Copper 


and Aluminum. 
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The complete range for conductors No, 22 to 2,000 MCM. 
Penn-Union Electric Corp., Erie, Pa. 

Mail the coupon for Catalog—or Samples of the types Please send Catalog of the complete line of 
Penn-Crimps. 

you use most, Seal eanelin et 


type, in 


PENN-UNION ELECTRIC CORPORATION, Erie, Pa. (Name) 


Export Sales—Philips Export Co., Division of North American Philips Co., Inc. (Company Name) 


100 East 42nd. St., New York 17, N. Y. Cable Address “Philyork (Address) 








Sidelights 


A RECORD sinliieiecbde ONES. See 


This is the largest single issue of Electrical Construction and Mainten- 
ance in its almost 58 years of service to the industry. It contains the 
biggest single editorial project we have ever compiled; a comprehensive 
book-length, engineering manual on “Modern Electrical Systems Design.” 
In some aspects this is a revision of a similar project originally published 
in our May 1956 issue. However, much of the text and all of the illustra- 
tions are entirely new. A limited number of extra copies will be available 
at $2.00 each. A hard-cover book edition is in negotiation and will prob- 
ably be available later in the year. 


TOOLS AND METHODS ssssiilisacieniatenietaaaal ite " sno calpain peter 





Coming in our big July issue is a special report on up-to-date electrical 
construction, installation and maintenance job methods and tooling prac- 
tice. The extensive roundup is the result of many suggestions and in- 
quiries from our readers who want to know how their own tool inventory 
and job methods measure up to current activities in other areas. The 
editorial project has been developed in the capable hands of Associate 
Editor August Eckel and will be packed with practical, job tested ideas. 


TRY YOUR HAND AT WRITING— ; Pa es ee LO 


While the greater part of the editorial contents of this publication is 
prepared and written by our own staff, from time to time we receive ex- 
cellent feature articles and short items written by readers. These are quite 
welcome and we usually encourage readers to try their hands at writing 
for publication. Any time you are involved in a job which you find chal- 
lenging and interesting, the chances are a concise description of the work 
would be equally interesting to other electrical men with similar responsi- 
bilities. Write it up. Take some pictures. Attach a drawing or sketch and 
send it to us. If it is acceptable and we publish it, you will receive an 
appropriate payment. The intangible rewards are also substantial. Au- 
thorship of published articles adds significantly to your own and your com- 
pany’s prestige in the industry. For those who might want to know more 
about the arts and procedures of writing for publication, we commend a 
new book “Successful Technical Writing” by Tyler G. Hicks, McGraw-Hill 
Book Co., $5.50, as a very practical guide. 


BIDDING WITHOUT GUESSWORK 


Good bidding practice is closely related to sound administrative pro- 
cedures from customer contact to bill collecting. Beginning next month, 
Rowan C. Brooks, Rapid Electric Service, Glendale, Calif., gives some 
pertinent answers to many tough questions about bidding practice in a 
two-part article, “Bidding Doesn’t Have to be Guesswork.” The articles 
deal particularly with the problems of smaller contractors. 





ELECTRICAL MATERIALS 
COST INDEX 


BASE LINE (1000) REPRE- 
SENTS COSTS OF TYPICAL 
ASSORTMENT OF MATERI- 
ALS FOR A SELECTED JOB 
AS OF NOVEMBER 1, 1951 
INDEX POINTS REPRESENT 
THE VARIATION OF THESE 
SAME MATERIAL COSTS AS 
OF THE FIRST OF EACH 
MONTH 


Y PT. 
SOURCE - NATIONAL PRICE SERVICE. CLEVELAND. OHIO 
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IF YOU CAN’T “BEAR” BATHROOM ODORS & MOISTURE FOG 


uone 


, bathroom bans 


VAY 


KEEP AIR FRESH. ODOR-FREE & MOISTURE-FREE 


No matter whether your bathrooms are “inside plan”.. or 
“outside wall”..you need exhaust fans to avoid lingering 
odors and prevent damage of steam and moisture to walls. 
NuTone offers 3 basic types of bathroom fans, designed 
especially for odor-free and moisture-free bathrooms. 


LESS THAN 4” THIN! 


A mouel 883 Bathroom Fan 
For Wall or Ceiling use. 
Blower fan fits between 

standard 2 x 4 wall studs 
or installation between 
ceiling joists. Transition 
allows 3” duct for 4” wall 
cap. Equipped with a 
built-in back draft damper. 
Only $23.95 list. 


FREE CATALOGS & 
INSTALLATION DATA 


Write NUTONE, INC. 
Dept. EC-5 
Cincinnati 27, Ohio 


U. S. and Foreign Patents 


EXHAUST FAN PLUS LIGHT 


i} MoJel 866 Vent-A-Lite. An exhaust 


fan plus overhead lighting, both for 
the cost of one combination unit. 
Fan blower is quiet and moves just 
the right amount of air without 
drafts. Provides better lighting 

to cover the entire bathroom area. 
Motor guaranteed 5 years. $36.95. 


= Model 881 Bathroom Fan. Especially 


effective for bathroom use, where 
closed doors require a fan with high 
static pull. Can be discharged into 
attic space of a single floor plan 
or between joists in two-floor plan. 
Duct 4” diameter. 100 CFM. Anodized 
aluminum grille. Enclosed motor is 
moisture resistant. $25.95 list. 

SEE OTHER SIDE 





WHY SHIVER IN THE BATHROOM... LIKE A “COOL-CAT”? 


ONE 


Ailing Heaters 


FOR INSTANT HEAT ON CHILLY MORNINGS OR OFF SEASONS 





There are many months when bathrooms are far too chilly 
for comfort or good health. Even in homes with central 
heating .. auxiliary heat is needed early in the morning 
after the furnace has been turned down during the night, 
or for “off-season chill” ..or to help dry the hair. 





U. S. and Foreign Patents 


| SURFACE-MOUNTED IN CEILING 


hy, de! 928 Radiant H 


It's surface mounted .. only 
9” high. Mounts like a 
standard lighting fixture. 
Heats 2 ways.. with direct 
heat and reflected heat. 
Enclosed heating element, 
1,000 watts. No extra heat 
bulbs or elements needed. 
Only $18.95 list. 


FREE CATALOGS & 
INSTALLATION DATA 


Write NUTONE, INC. 


Dept. EC-5 
Cincinnati 27, Ohio 


SEE OTHER S$ 
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“© Model 901 Heat-A-Lite. Circulating 
heat plus light. Recirculating fan 
forces air downward, prevents heat 
loss. 1475 watts. $49.95 list. 


HEATER PLUS LIGHT 


RADIANT CEILING HEATER 


A Model 920 Built-In Radiant Heater 
Instant, infra-red heat spreads 
its relaxing warmth throughout the 
bathroom. Especially designed 
arc reflects balanced heat. 
1,000 watts. $26.95 list. 


Model 909-11 Heat-A-V Lite 
Three bathroom conveniences for 
the price of one ..a heater plus 
an exhaust fan plus a light. The 
only ceiling fixture of its kind 
with two blades .. propeller for 
circulating warm air and blower 
wheel to exhaust odors and steam. 
Enclosed heating element. 

1475 watts to 1800 watts. 

$64.95 to $69.95 list. 
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“New homes aren't 
really up-to-date 
without concealed 
telephone wiring” 


—SAYS BURTON W. DUENKE, 
CUSTOM BUILDER OF ST. LOUIS, MISSOURI 


*‘Nowadays,”’ says Mr. Duenke, “‘it’s ideas 
that sell homes. The modern house-hunter 
is looking for more than a roof over his 
head and X number of bedrooms and 
closets. He wants smart, functional design 
—and proof that the house is planned to 
meet his future needs. Concealed telephone 
wiring is the kind of idea he likes.” 


The Burton W. Duenke Building Com- 
pany has completed over 1000 homes since 
1947. Its current project is Harwood Hills, 
a gracious community of homes in the 
$26,000 to $40,000 price range, located in 
suburban St. Louis, to the west. Every 
one of these modern dwellings features six 
or sev@h concealed telephone outlets. 


‘‘We don’t look on concealed telephone 
wiring as a luxury item,” says Mr. Duenke. 
“It’s a necessity in doing a workmanlike 
job of building today’s home. It provides 
for the homeowner’s future telephone needs, 
and keeps his home more attractive. What’s 
more, it’s a kind of sales feature that costs 
us very little to offer.” 
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Your local Telephone Business Office will gladly help 
you with telephone planning for your homes. For details 
on home telephone installations, see Sweet’s Light Con- 
struction File, 8i/Be. For commercial installations, 
Sweet’s Architectural File, 32a/Be. 


BELL TELEPHONE SYSTEM 
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—Specity 


Mc GILL evoter switches 


..- for guaranteed precision Plus durability 


The high standards of design, 
craftsmanship and material selec- 
tion make it possible to guarantee 
No. 41 LEVOLIER switch uncon- 
ditionally against failure in light- 
ing circuits. This extra quality is 
reflected in the performance of all 
LEVOLIER switches. 


It pays to specify the best to avoid 
frequent and costly replacement. 
LEVOLIER canopy, toggle, push 
button and momentary contact 
switches easily withstand the hard 
use and abuse of industrial service. 
All are Underwriters’ Laborato- 
fies inspected. 4 


UNCONDITIONALLY GUARANTEED No. 41 single-pole, 
single-circuit, universal lever switch 6 amp. “T” 125V—3 
amp. 250V. Only 54,” thick, it is ideal for conduit box and 
canopy mounting i lighting and FHP motor control. 
No. 100 single-pole, 15 amp. 125-250V, 
1 HP 120-240Y AC, normally “OFF” 
momentary contact switch. 1 amp., © 
125V—l,, amp., 250V DC. Especially : 
suitable for limit and safety control No. 71 single-pole, single cir- 
of industrial machinery. a : cult, universal lever switch 
. the thinnest 6 amp. “T” 
125V—3 amp. 250V switch 
of its kind on the market to- 
day—only 15/32” thick. 
Also with push button. 


No. 29 single-circuit, .75 
amp., 125V, normally “ON” 
momentary contact switch. 
Excellent for automatic con- 
trol of lights as in door 
openings and closings. 


For complete descriptions of the entire McGILL line of 
No. 90 3/4, HP capacity, 15 switches, sockets, portable lampguards and other elec’ 
oe a amp. 125V, 10 amp. 250V trical specialties, write for catalog No. 84. 


ries a 6 amp. “T” 125V, toggle switch with an AVAILABLE FROM YOUR ELECTRICAL WHOLESALER 
3 amp., 250V rating with S.P.S.T. mechanism. De- 


an S.P.S.T. double-break signed for AC operation. engineered electrical products — 
mechanism. 1/3 HP AC Also carries 20 amp. 


120-240V. Ideal for panel 125V AC non-inductive 
board, FHP motors, ap- load for heater applica- 
pliances, power tools, etc. tions. Also available in 

two circuit with center off 


and no off. Choice of ter- 
— precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 450 N. CAMPBELL ST., VALPARAISO, INDIANA 
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“Profit Line for ’59” 
Electrical Products from ALLIS-CHALMERS 


ONE MAN can provide 
ALL this equipment 


He’s your Allis-Chalmers representative. One 
inquiry to him and much of the equipment you 
need for any electrical construction job is available. 

Time and Money Savings for Extra Profits — 
because a single, dependable source means “unit 
responsibility” for deliveries, installation help, 
fast parts service. And, once installed, this equip- 
ment continues to be backed by outstanding field 
service — without “buck passing.” 


Ask ‘‘The Man’”’ about the profitable A-C products 
for electrical construction. Or write Allis-Chalmers, 
Power Equipment Division, Milwaukee 1, Wis. 


A-1028-EC 


Super-Seal and Texrope are Allis-Chalmers trademarks. 
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Dull, dreary lighting cuts down worker improved lighting pays off in higher 
efficiency, causes eye strain, makes output and greater accuracy, comfort 
many work tasks hazardous. and safety for workers. 


Lifting 


Abolite Cat. No. HMFAU-2400 
Alzak aluminum uplight 
fixtures with 400 watt white 

reflector Mercury lamps. 


the lighting level 


In the picture on the right, those Abolite fixtures provide a high 
level of comfortable, glareless light throughout this high bay 
building. 18% of the light is directed upward through Abolite’s 
open top, washes out the deep shadows, gives lamps a soft back- 
ground. 35° shielding of lamp practically eliminates glare. 

Open-top design also gives Abolite high bay units a self- 
cleaning action. Air circulates through the fixture, sweeps reflect- 
ing surface clean. 

Choose from several Abolite uplight units for high bay light- 
ing: 18” and 24” Alzak aluminum fixtures for 400 and 1000 watt 
mercury lamps; and 14” and 18” fixtures for 300-500 watt 
incandescent lamps (ideal for gymnasium lighting). For full 
information, write Abolite Lighting Division, The Jones Metal 
Products Company, West Lafayette, Ohio. 


ABSOLITE 
ene 


THE JONES METAL PRODUCTS COMPANY 
West Lafayette, Ohio 
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In pace with POWER... Babee alse 





Low cost, high speed 4.16-kv 
oilless units replace obsolete 
under-capacity breakers 


Eliminate a fire hazard, reduce maintenance, provide modern high speed 
interruption, plus adequate interrupting and continuous-current capacity 
with Allis-Chalmers replacement breakers. 

Existing cables and structures can be used with these replacement 
breakers. Low cost modernization can thus be provided in power-generat- 
ing and substation facilities. The air magnetic breaker, together with its 
sturdy metal enclosure, can be installed in the masonry cell or open-type 
iron pipe framework previously occupied by the obsolete oil circuit 
breaker. Buswork, disconnect switches, current transformers, and cables 
can all be retained because of low height. 


Modern features of breaker include: 5-cycle interruption, 
flame-retardent insulation, safety interlocks, full steel floor in breaker 
compartment, automatic shutters, one man disassembly. In- 
terrupting capacities from 75,000 to 250,000 kva available. 

For details contact your nearby A-C office or Allis-Chal- 
mers, Power Equipment Division, Milwaukee 1, Wisconsin. 


A-5977-PR 
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for street lighting « highway lighting - floodlighting 


UNION METAL MONOTUBE POLES 


Monotube street lighting poles... steel 
or aluminum... round or fluted ... davit 
or bracket styling . . . anchor or trans- 
former base. Attractive in any location. 
Continuous-tapered Monotube poles are 
available in a broad range of designs 
and sizes to meet all requirements. 














. 
i 


Monotube highway lighting poles are 
offered for various mounting heights 
and strength requirements. Easily wired 
and installed. Steel Monotubes are made 
from high grade, open hearth steel and 
cold-rolled for strength. Aluminum 





poles are made by the spinning method. 





Be Monotube floodlighting poles . . . for 
| sports, business, industrial or recre- 
ational areas. Available in heights from 
20 to 100 feet. Monotube designs per- 
mit extreme flexibility in arrangement 
and number of light units per pole. 
Floodlights can be mounted, positioned 
and wired while pole is on the ground. 





» UNION METAL MANUFACTURING ¢ COMPANY 


BRAMPTON, ONTARIO, CANADA 


Monotube Lighting Poles 
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CONDUIT 





OTHER STEELDUCT FEATURES THAT 
SAVE TIME AND CUT LABOR COSTS 


DOUBLE THREAD PROTECTION 


As the zinc protects the sharp, clean 
Steelduct threads from corrosion, Steelduct 
plastic and fiber-metal caps protect the 
threads from damage in rough shipping 
r storage conditions. Protectors are 

oded for easy size identification 


KNURLED — NO WELD BEAD 


inner surface 
eadliess weld of EMT reduces pull 


ing effort 37%. Wiremen bend Steelduct CT ELECTRICAL 26 


- 2 Z 
ry y 
Bend-Aliner EMT to any degree without ' ~~ . METALLIC TUBING 
splitting continuous welded seam 


Steelduct Conduit Meets Federal and ASA Specifications 


THE STEELDUCT COMPANY 


REPUBLIC STEEL BUILDING YOUNGSTOWN, OHIO 





easier to handle, 
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The choice is easy with three big reasons like these to 
back you up. Yes, Alcoa® Aluminum Electrical Rigid 
Conduit not only makes the job easier, but also pro- 
vides a higher quality, longer lasting installati#n. More 
and more contractors and engineers are selecting Alcoa 
Conduit for a wide array of applications, industrial 
and commercial, even residential. Here’s why: 

1. Easier to lift, load, carry, erect and therefore more 
economical handling from start to finish—Alcoa 
Conduit weighs only one-third as much as conven- 
tional rigid conduit. 

. Alcoa Conduit is easier to cut, bend, thread . . . 
faster, too. 

. Wirepulling is easy—Alcoa Conduit is specially 
lubricated at the factory. 

. Selection of sizes is simple with Alcoa color-coded 
thread protectors. 

5. Alcoa Conduit is competitive in price. 


ALCOA CONDUIT ALSO OFFERS YOU... 


1. Lower installed cost—this has been proved .. . is 
being proved over and over by cost- and quality- 
conscious contractors and engineers everywhere. 

. Longer life, less maintenance—Alcoa Conduit is 
corrosion resistant through and through, needs no 
painting under normal service conditions. 

3. Clean, distinctive appearance that lasts and lasts. 

4. Approved by Underwriters’ Laboratories, Inc. 

Take advantage—now—of the many new benefits 

offered by Alcoa Aluminum Electrical Rigid Conduit. 

Immediate delivery of conduit, couplings and elbows 

in sizes 1 in. to 6 in. from strategically located distri- 

butor stocks. Aluminum Company of America, 2140-E 

Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 


For Exciting Drama Watch “Alcoa Theatre,”’ 
Alternate Mondays, NBC-TV, and 
“Alcoa Presents,’ Every Tuesday, ABC-TV 
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new favs 


RAN DOD 


Cut job costs on all your electrical installations 
with new AIM Brand Slotted Angle—the only 
framing material that gives you Lock-Joints, 
Friction-Joints and ¥” structural bolts. 


It’s easy and economical to use this new framing 
material as supports, framing, mountings or wher- 
ever you need strong, yet convenient, structural 
assembly. The exclusive new slot-and-hole bolting 
pattern provides ready-made openings for 
anchors and attachments. All standard electrical 
fittings can be used. No reaming is necessary. 

Friction-Joints are quickly formed by bolting 
through the slots. The %” structural bolts fit round 
holes precisely to form Lock-Joints when maxi- 
mum rigidity is needed. Each bolt has a safe load 
capacity of 2000 pounds. 


Support for switch gear 


Slotted Angle 


Fabricate right on the job site with AIM Brand 
Slotted Angle. No drilling or welding is required. 
Save on installation time... 
material cost... 


Save on initial 
save on handling and storing. 


Of cold-rolled galvanized steel, this versatile 
framing material is available in two sizes: 
Standard 225-80 (24%4”"x1'2"x.080”) and Heavy- 
duty 300-104 (3” x 14%” x.104”). Packaged in 10 
or 12-foot lengths, ten pieces to a package. Nuts 
and bolts included. 


AIM Brand Slotted Angle is a product of Acme 
Steel Company, U. S. pioneers in slotted angle 
framing material. Stocked locally by leading 
distributors or write: Dept. EBD-59, Fabricated 
Materials Division, Acme Steel Company, 135th 
and Perry Avenue, Chicago 27, Illinois. 


ea AIM Brand Slotted Angle AIM 
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WORLD’S MOST WIDELY USED 
ELECTRICAL TEST INSTRUMENTS 


THE ONLY LINE THAT COVERS ALL YOUR TESTING NEEDS 
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AMPROBE RS-1 


The economy snap-around volt am- 
meter with many features of the 
great RS-3 including rotary scale, 
pointer lock, printed circuit, and ad- 
vanced movement design. 4 current 
ranges. 2 voltage ranges. 


Only $39.85 


* >. _ om >. *e * . se 6 eee 
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AMPROBE JR. 


The advanced voltage tester that 
gives you current, too. Available in 
seven models, ranging from 10 amps 
to 100 amps in either 125/250 or 
150/600 volts. Choose the model 


that fits your job Only $19.85 
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AMPROBE RS-3 


AMPROBE 
ENERGIZER 


Multiplies the sensitivity of any Am- 
probe ten times—for precise readings 
on small appliances and fractional 


horsepower motors. Only $3.75 


AMPROBE 
DECA-TRAN 


Makes your Amprobe the world’s most 
flexible and versatile electrical test 
instrument. Extends amperage read- 
ing 10 times. Gets readings as high 


as 1200 amps. Only $24.75 


ces ee Se 66S 6S EE OOS COC 040604 COC COOH EOD 60 Oe CASES EH CV OTST eee 
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PYRAMID INSTRUMENT CORPORATION, LYNBROOK, N. Y. WORLD'S LARGEST MANUFACTURER OF SNAP-ARQUND VOLT-AMMETERS. 
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This 2500-kva Uptegraff power 
transformer, being instalied at 
the Taunton Municipal Lighting 
plant in Massachusetts, is one 
of several units used in con- 
junction with a new 16,500-kw 
turbine unit 


One of several Uptegraff trans- 
formers furnishing power for the 
Benzene Toluene plant addition 
to the Richfield refinery at Wil- 
mington, California. Long, trou- 
ble-free performance is vitally 
important in round-the-clock 
refinery operations 
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Here is a 1500-kva Uptegraff power transformer 
located in Cleveland, Washington. It is one of 
several Uptegraff transformers serving the 
Klickitat County public utility at Goldendale. 


This 1000-kva liquid-filled load center trans- 
former is one of several Uptegraff transformers 
helping supply the power requirements for a new 
Celanese Plastics Division plantin Houston, Texas. 


Up eoratt transformers 


serve 


The extra quality of today’s Uptegraff transformers 
is due to a forward-looking program in research and 
development. This involves new and better raw 
materials, fabricating systems and assembly meth- 
ods. It has resulted in important transformer 
advances... lasting oil preservation . .. completely 
leak-proof tanks and fittings use of grain- 
oriented steel core for lighter weights, smaller 
sizes, lower core loss and exciting current... flow- 
painted exteriors assure three-mill paint coat and 
complete coverage... etc. 


New designs provide capacity beyond normal rating 
These improvements plus strict quality control in 


industry’s power needs! 


manufacturing and advanced testing methods assure 
the extra transformer capacity beyond nameplate 
rating to successfully withstand momentary over- 


voltages, high temperatures and other abusive 
conditions. 


Meet the people of 
the Uptegraff Company 


This picture-story booklet will 
give you an intimate view of the 
Uptegraff Company, and the peo- 
ple who design and build Upte- 
graff transformers. Send for your 
copy TODAY. 





R. E. UPTEGRAFF MANUFACTURING CO. 
SCOTTDALE, PENNSYLVANIA 





There are two main considerations in lighting a drive-in restaurant. tifies the drive-in and attracts passing motorists. The above drive-in 
1) Providing enough light for safe movement and parking of a large accomplished this by mounting 3 floodlights and 5 clusterlites 
volume of traffic; 2) Providing a well-lighted area that readily iden- on each of 6 poles. Mounting height 33 feet, pole spacing 24 feet. 


Revere matched outdoor lighting equipment 
means fast, trouble-free installation 





All components for the outdoor lighting installation shown above Revere components used in 

were made by Revere. All components—hinged poles, brackets, 

floodlights, cluster-lites and accessories—are made for each other. 
By ordering your outdoor lighting from one reliable source, Revere No. 3510-4 

you can be sure that the equipment will fit together right when Cluster-Lite 

it gets to the job. This means fast, easy installation and less 

headaches for you. 


lighting drive-in restaurant 


Revere No. 2412 
Splice Box 
You can also be sure that the components are structurally 


matched for strength and balance, and that they are matched in 
design for peak lighting efficiency and best appearance. All 
equipment from one source also means one delivery schedule A 
from one manufacturer—all components reach the job at the Revere No. 4213-P Revere No. 217-QA 
same time. i Floodlight Bracket 
Revere offers you the widest line of outdoor lighting 
equipment in the industry. No matter what the application, 
Revere has the equipment to do the job. Write for your Revere No. 199-DB-30 
copy of the Revere Catalog. oe Hinged Pole 


Revere Electric Mfg. Co. © 7420 Lehigh Avenue ¢ Chicago 48, Illinois (In suburban Niles) 
Long Distance Phone: Niles 7-6060 © Chicago Phone: SPring 4-1200 © Telegrams: WUX Niles 
In Canada: Curtis Lighting, Ltd., Leaside, Toronto, Ontario 
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THIS 
SEAL 
STANDS 
FOR... 


¢ Quality Products 

e Easier Installation 
« Prompt Delivery 

¢ The Right Price 

« Constant Research 
« Continuous Growth 


CE 
ETTCO WIRE & CABLE 


General Offices: 46-50 Metropolitan Avenue, Brooklyn 37, New York 
Plant: 75 Onderdonk Avenue, Brooklyn 37, New York 
Cable Address: “ETTCO” 








At Detroit’s Pavilion 
Apartments, Youngstown 
“Buckeye” Conduit is being 
attached to electrical 

control box. 


eeent on Excellence 


Youngstown “Buckeye” steel conduit 


PAVILION APARTMENTS, DETROIT, MICHIGAN 
OWNER: 
Herbert S. Greenwald, 
Metropolitan Corporation of America, 
Chicago, Illinois 
ARCHITECT: 
Mies Van Der Rohe, F.A.1.A.., 


Detroit’s new, modern-as-tomorrow 
Pavilion Apartments, designed by 
architect Mies Van Der Rohe, has 
lifetime electrical wiring protection 
—thanks to Youngstown ‘“‘Buckeye’”’ 


Rigid Steel Conduit. 


Electrical systems that function im- 
properly are a bad investment. T« 
be sure your installations are both 
safe and efficient, always specify 
“‘Buckeye’’ Conduit. It’s been the 
consistent choice of leading archi- 
tects, contractors and building 
owners over the years. 


, 


When you specify ‘Buckeye’ 
Conduit, the high standards of 


Chicago, Illinois 


GENERAL CONTRACTOR: 
Herbert Construction Corp., 
Chicago, Illinois 


CONSULTING ENGINEER: 
William Goodman, 
Chicago, Illinois 


ELECTRICAL CONTRACTOR: 
Post Electric Co., 
Dearborn, Michigan 


CONDUIT SUPPLIER: 
Commerce Electric 
Supply Co., 
Farmington, Michigan 


Youngstown quality, the personal 
touch in Youngstown service will help 
you create electrical wiring systems 
with an “‘accent on excellence’. 




















Carefully selected 
Continuous Weld Pipe 


is first accurately threaded. Next, the pipe is 
thoroughly cleaned by pickling. Then it is 
immersed in a bath of molten pure zinc. A 
special process is used to remove it from this bath 
so that a clean, smooth zinc coating remains 
on both inside and outside. Then a 
coating of tough, transparent lacquer 
is baked on both inside and outside 
surfaces, providing a smooth 
raceway through which wires may 
be easily fished. This is 
Youngstown’s long-lasting, trouble- 
free, easy bending hot galvanized 
Buckeye Conduit. 


Hien 7 1 ae oe 


Scale model of new Pavilion Apartments, 


Youngstown 


Youngstown, Ohio 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Carbon, Alloy and Yoloy Stee/ 





the beauty 


the desien ... . 
the performance... 


you've hoped for in one switch—_ 


ROCK - IT 


Push It, Press It, 
Roll It, Rock It 


No matter how you choose to 
operate the new ROCKER-GLO, 
the merest brush of a finger pro- 
duces instant action . . . and 
ROCKER-GLO glows in the 
dark! The switch that looks right, 
feels right and is right for every 
type of wiring job. 





the new ROCKER-GLO 


a 


IWLT CTT 


After intensive testing, Pass & Seymour proudly presents 
ROCKER-GLO ... the one switch that answers all your 
needs. 


A switch that is trouble-free and packed with eye-appeal. 
ROCKER-GLO does the job of all types of switches. It 
combines toggle action and press action with luminous and 
quiet features that answer all individual customer needs. 
You can tell when it’s on or off. 

Rocket Glo - The » pe fication Grade Swttci 


AVAILABLE in Despard interchangeable type, Despard type 
mounted on strap and narrow rocker for tumbler switch plates, A 
specification grade switch, 15 and 20 amps. 120/277 volts A.C. 


Send for brochure on Rocker-Glo Dept. ECM-559 


PASS € SEYMOUR, INC. 


SYRACUSE 9, NEW YORK 


60 E. 42nd St., New York 17, N.Y. 1440 N. Pulaski Rd., Chicago 51, Ill. 


In Canada; Renfrew Electric Limited, Renfrew, Ontario 
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New Reduced Voltage 


famous Cutler-Hammer 


MOLDED MAGNET COILS 


The strength and durability of the Cutler-Hammer 

Molded Magnet Coil is but one example of how 

Cutler-Hammer Reduced Voltage Control is built 

Bullet better to last longer. Rifle bullets couldn’t pierce or 
ee shatter this coil. What chance is there of it being 
Proof of durability damaged when an electrician’s screwdriver slips or 
ss . this ee when the coil is dropped? Boiling oil has no effect on 
os sayin nl this coil. What chance is there of it ever being pene- 
even after being trated by moisture or distorted by high ambient 


struck by a rifle -? 
bullet and boiled temperatures ! 


in oil. 


VERTICAL DUST-SAFE CONTACTS 


To function properly motor control contacts must stay 
PERCENT GAIN IM CONTACT RESISTANCE DUE TO DUST clean. And because dust can’t collect-on a vertical 
ae surface, only vertical contacts are truly dust-safe. Re- 
4 ron . < 
Contact Starter cent dust-chamber tests of vertical and horizontal 
ost? Nvizenta contact type motor starters confirm this fact. After 
ontact Starter " ‘ 
i four hours of “dusting’’, the contact resistance of 
Vertical Contact NO CHANGE = . 
C-H Starter Cutler-Hammer vertical contacts remained constant. 
: a But the contact resistance of horizontal contacts sky- 
Dust Environment Test of Vertical and Horizontal Contact Type Motor Control rocketed, and as contact resistance increases so does 
heating, pitting, and wear resulting in rapid contact 
failure. 



































ADJUSTABLE 3-COIL OVERLOAD RELAYS 


Only 3-coil overload relays can provide dependable 
overload protection for three-phase motors under all 
operating conditions. Why gamble with costly motor 
burnouts by using motor control that protects only 
two of the three motor windings? 3-coil overload relays 
can be provided in all standard Cutler-Hammer Re- 
duced Voltage Control, no oversize enclosures. Further, 
Cutler-Hammer Overload Relays are adjustable to 
within 3% of full load motor current, not 10% or 12% 
as others. Cutler-Hammer Overload Relays allow the 
Heater coils can be placed ‘ ~ ad 
in any of the four posi- motor to work up to full capacity, provide positive 
tions to adjust the over- protection without nuisance tripping. 


load trip point to within 
3% of full load current. 











Molded magnet coils, vertical dust-safe contacts, and adjustable 3-coil overload relays are plus 
features that add up to bonus performance whenever you install Cutler-Hammer Reduced Voltage 


Control. Why settle for less when Cutler-Hammer Reduced Voltage Control costs no more. 
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Control with all the 
Three-Star Features 


Part Winding 








960% 





Mrimary Resistor 


Star-Delita 











9621 Auto-Transtormer 


Po CCOUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiory: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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Okonex-Okoprene 15kv primary distribution cables solve Magnolia Petroleum Company’s space problem 
and climate problem (wet and salty atmosphere) and provide greater safety in its Beaumont refinery. 
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Magnolia Refinery improves voltage regulation, 
beats humidity with Okonex-Okoprene cables 


The giant 1,500-acre Magnolia 
Petroleum Company refinery, located 
on the broad Gulf Coast Plain, 
generates and uses 900,000 kilowatt 
hours a day, more than its neighbor- 
ing city of Beaumont, Texas. A 
cable breakdown here could cause 
costly damage to equipment and the 
material in process (more than 400 
oil products are manufactured). The 
entire cable system must serve 
Magnolia’s round-the-clock opera- 
tion without interruption in the face 
of the high moisture-saline content 
of the air, plus the chemicals and 


intense heat used at many of the 
processing units. 

For the 15kv primary aerial loop 
distribution system, Magnolia’s en- 
gineers selected shielded Okonex- 
Okoprene cables. These butyl-base 
insulated, neoprene-sheathed con- 
structions saved space, eliminated 
safety problems and provided im- 
proved voltage regulation far su- 
perior to previous open wire con- 
structions and other insulated cable 
constructions studied. In addition, 
their excellent moisture, heat and 
corrosion resistance were important 


assurances of maximum service life. 


Okonex-Okoprene, in 3,000 to 
15,000 volt constructions, was also 
used for trunk feeders to and from 
substations, tie lines and motor leads 
installed both aerially and under- 
ground. 


To help you specify the optimum 
cable for your important power and 
control cable: needs, contact your 
Okonite representative or write for 
the free Bulletin EC-1117, ‘How to 
choose insulated cable,”’ to The Oko- 
nite Company, Passaic, New Jersey. 


where there’s electrical power . . . there’s OKON ITE CABLE 
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» Kashion Plate 
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€xciting new idea in wall switches . 
* 


Lets the builder or owner match, blend 
or contrast any decorating scheme 


f 
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TAP-EEZ. . . new tap-action, flush-mounted switch 
for buildings, institutions and stores. Rugged 
enough for all a-c applications, yet much more 
attractive than ordinary switches. 


WINS NEW CUSTOMERS... 
CAPTURES MORE BUILDER DOLLARS 


Fashion Plate opens the door to more business in new 
construction... for homes, buildings, institutions... 
brings you a bigger share of the total building dollar 


There’s real excitement about Fashion Plate* being supplied with a brand-new merchandis- 
among builders and architects. They are tak- ing package for Fashion Plate. And they are 
ing a second look at wall switches. That means being sent to you to supply their wiring needs. 
you'll see Fashion Plate in more and more Don’t wait. Stock up now before the big 
specifications . . . in more and more new building rush this summer. Next job you 
homes and buildings. And you are the one wire, suggest Fashion Plate. It’s an exciting 
who profits. new product that wins customers and 


Right now, builders all over the nation are builds profits. « "Trade-Mark 


ASK YOUR BRYANT DISTRIBUTOR forasample of Fashion Plate. Take it apart and see the built- 
ps in quality ... the trade-mark of Bryant superior wiring devices. 
UNLIMITED APPLICATIONS—AVAILABLE IN SINGLE, 


DOUBLE AND THREE GANG COMBINATIONS—WITH 
CLEAR OR IVORY ACTUATORS, BLACK OR WHITE BACK PLATES 


Smooth, quiet action. Low in- Silver alloy contacts in- Compact design. Fits Time-saving, clamp-type, 
stallation cost. Just press on sure long life. Positive standard switch boxes. back wiring terminals 
back plate and actuator. controlled contact action. Requires no special make installation quick 
Listed by Underwriters’ wiring. and easy. 
Laboratories, Inc. 


Fashion 
Plate —npiRvaANT 


THE BRYANT ELECTRIC COMPANY, BRIDGEPORT 2, CONNECTICUT 
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Northern Pike Elementary School 
Monroeville, Pennsylvania 


Woodbine Elementary School 
Cicero, Illinois 


Jenkins Elementary School 
West Portsmouth, Ohio 


Chromalox electric ... the heat 
of the future is here: 


Brookside School 

Kingsport, Tennessee 
Richland Township School 
Anderson, Indiana 

Windsor Elementary School 
Longstown, Pennsylvania 
Bell School 

Niles, Michigan 

St. Ambrose School 

Seymour, Indiana 

Braceville Elementary School 
Newton Falls, Ohio 

Beaver Dam School 

Beaver Dam, Ohio 

Lexington Elementary School 
Addition 


Lexington, Ohio 
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Angola Elementary School—Lake Shore, New York 


For year-round comfort... 
Safety... economy... 
CHROMALOX... First in electric heat 





More and more plans for modern schools make no provision 
for a boiler room. Instead, the space and dollar savings real- 
ized from low original cost Chromalox electric heating equip- 
ment is used to plan additional rooms and other facilities. 
With electric heat, total operating costs can be lower, too. 
We can give you case history proof. 


And what price tag do you put on safety . . . or on true year- 
round comfort? With Chromalox electric heat, you get in- 
dividual room control, elimination of down drafts, fresh air 
ventilation and natural cooling. 


The Chromalox electric way is also the easy, economical way 
to replace worn out heating systems in present schools, and 
plan heat for school expansions. 

Don’t plan modern facilities around an old fashioned boiler 
room. Send today for Bulletin 990B ... ““The Dollars and 
Sense Story of Heating Schools Electrically.” 


CHROMALO X 
Elecite Stpeat> 
INDUSTRIAL + COMMERCIAL + RESIDENTIAL 


EDWIN L. WIEGAND COMPANY 
7637 Thomas Boulevard « Pittsburgh 8, Pa. 
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IN 96 SECONDS, see how every member 


of General Electric’s motor-control family 
offers feature after feature for... 


Greater protection of 
your equipment and personnel 


GENERAL @@ ELECTRIC ** 





et greater protection of equipment 








LOW-VOLTAGE INDIVIDUAL STARTERS 


For squirrel-cage, wound-rotor and synchronous motors 


OVERLOAD RELAYS on General Electric’s individual 
motor controls constantly protect the motor against 
damage from overloads. 


UNDERVOLTAGE PROTECTION is provided by mo- 
mentary-contact pushbuttons on applications where 
automatic restarting after power loss is not desired. 
Undervoltage release by maintained-contact push- 
buttons is available for applications where automatic 
restarting is desired. 


© 
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SHORT-CIRCUIT PROTECTION against faults up to 
100,000 amperes can be provided. Fuses, circuit 
breakers, and fuse-breaker combinations are available. 


SYNCHRONOUS MOTOR PROTECTIVE SYSTEM allows 
maximum utilization of the motor, yet gives full pro- 
tection against out-of-step operation with field applied. 
Squirrel-cage winding has graduated protection that 
prevents overheating during starting, yet does not 
cause unnecessary tripping. 


Write for bulletin GEA-6584 to Sect. 783-8, General Electric Co., Schenectady, N. Y. 


Progress /s Our Most Important Product 
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LOW-VOLTAGE MOTOR CONTROL CENTERS 


For flexible grouped control of motors up to 400 hp 


0 


INTERLOCKED DOOR HANDLES automatically operate 
the breaker or fused switches and de-energize the 
starter units when handles are turned to “OPEN” 
position, thus the doors cannot be opened when the 
starter is energized. 


SHORT-CIRCUIT PROTECTION up to 100,000 amperes is 
available with fuses or reactor in incoming line. 


STURDY ENCLOSURE is constructed of bolted sheet- 
metal with an “‘I-beam”’ frame. This protects starters 
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and internal wiring from mechanical damage. Full- 
length floor sill adds to strength of enclosure. 


ISOLATED STARTER COMPARTMENTS are separated 
from the main power bus and other starter compart- 
ments by horizontal and vertical metal barriers. 


LOCKING DEVICE on compartment handle can be used 
to lock starters in position to prevent unauthorized- 
operation and to prevent starter from being energized 
during maintenance. 


Write for bulletin GEA-4979 to Sect. 783-8, General Electric Co., Schenectady, N. Y. 
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S Of General Electric motor control 
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LOW-VOLIAGE CABINETROL™ POWER CENTERS 


For custom-engineered grouped control of motors up to 900 hp 


© 


METAL BARRIERS between starter compartments pro- 
tect personnel during inspection and maintenance. 
Starter compartments are isolated from each other 
and from the main bus. 


RUGGED ENCLOSURE of these General Electric power 
centers is constructed of welded one-piece sheet 
steel to protect starters and internal wiring from 
mechanical damage 


SHORT-CIRCUIT PROTECTION up to 100,000 amperes 


is available for the power center in any one of three 
systems: fully rated, cascade, or backup. 


CAPACITOR BANKS for power-factor correction can be 
provided to protect against excessive power losses. 


INTERLOCKED DOOR HANDLES on the Cabinetrol power 
centers require that the starter unit is de-energized be- 
fore door can be opened. Breaker handle can be locked 
in position and each compartment has a_ separate 
cylinder lock to prevent unauthorized entry. 


Write for bulletin GEA-3856 to Sect. 783-8, General Electric Co., Schenectady, N. Y. 
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*Reg. Trade-mark of General Electric Co. 


MEDIUM-VOLTAGE LIMITAMP™ STARTERS 


For individual or grouped control of motors up to 3000 hp 


HIGH-INTERRUPTING CAPACITY fuses limit fault cur- 
rent within 14-cycle. Limitamp starters have short- 
circuit capacities up to 150,000 KVA at 2300 volts, 
and 250,000 KVA at 4000 or 4600 volts, 60 cycles. 


VISUAL CHECK of three-phase isolating switch shows 
personnel that unit is isolated from high-voltage power. 


ISOLATING SWITCH is operated from outside the enclo- 
sure. High-voltage compartment doors cannot be opened 
until starter has been isolated from incoming power. 
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MOTOR IS PROTECTED against overload by ambient- 
compensated overload relays. All Limitamp control 
components are co-ordinated to withstand the stresses 
of short circuits. 


METAL BARRIERS separate the high-voltage and the 
low-voltage compartments. 


INTERLOCK SYSTEM on this General Electric control 
prevents operation of the isolating switch until the 
contactor has been completely de-energized. 


Write for bulletin GEA-6331 to Sect. 783-8, General Electric Co., Schenectady, N. Y. 
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YOUR FUTURE IS GREAT IN 


WING AMERICA 





ELECTRONICS 


Electronics is one of our fastest growing indus- 
tries. By 1965 there will be thousands of new 
needs and new jobs. 





Today there are more than 800,000 workers in 
chemicals and related industries. By 1970, there 
will be twice as many! 


a *) 
TRANSPORTATION 

Our growing population demand intly 

increasing mobility. Result: thousands of ne 





opportunities, new jobs in the coming Jet Age 





Nuclear energy is now supplying power for 
ships and electric plants. Future possibilities 
are virtually unlimited. 


Ever-increasing opportunities in research, ae- 
velopment and production. In the field of 
antibiotics 50°, more workers will be required. 





As our nation grows, the demands made upon 
communications grow proportionately. Thou- 
sands more needs, more jobs 





he trend isto labor-saving, ready-to-eat pack- 


aged foods 


This new phase of an old industry 
will need thousands more workers 


7 BIG REASONS FOR CONFIDENCE IN AMERICA’S FUTURE 


1. MORE PEOPLE—F our million babies year- 
ly. U. S. population has doubled in last 50 
years! And our prosperity curve has always 
followed our population curve 


2. MORE JOBS —Though employment in 
some areas has fallen off, there are /5 million 
more jobs than in 1939—and there will be 
22 million more in 1975 than today 


3. MORE INCOME — Family income after 
taxes is at an all-time high of $5300 
pected to pass $7000 by 19735. 


IS CX- 


4. MORE PRODUCTION—U. S. production 
doubles every 20 years. We will require mil- 
lions more people to make, sell and distribute 
our products. 


5. MORE SAVINGS— Individual savings are 
at highest level ever— $340 billion—a record 
amount that is now available for spending. 


6. MORE RESEARCH — $/0 billion spent each 
year will pay off in more jobs, better living, 
whole new industries 


7. MORE NEEDS—In the next few years we 


will need more than $500 billion worth of 


schools, highways, homes, durable equip- 
ment. Meeting these needs will create new 
opportunities for everyone. 


* * * 


Add them up and you have the makings 
of another big upswing. Wise planners, 
builders and buyers will act now to get 
ready for it. 


FREE! Send for this new illustrated booklet, “Your Great 
Drop a postcard to: ADVER- 
TISING COUNCIL, Box 10, Midtown Station, New York 18, N.Y. 


Future in a Growing America.” 


The giant school-building program now begin- 
ning will offer new jobs to many thousands of 
construction workers. 





CONSTRUCTION 


3 million workers will benefit from new high- 
way and construction programs—and even 
more workers will be needed soon 


re a ade 





MARKETING 


Marketing includes sales, consumer research, 

product and package design, advertising and 

public relations. All need new skills every year 
and many thousands of new workers! 









GROWING 
AMERICA 











“ONE LOOK ABOVE THE CEILING LINE WILL 
TELL YOU WHY SPEEDOMATIC IS TODAY'S 
FASTEST-INSTALLING TROFFER!” 


THESE FEATURES HELP 


TO SPEED INSTALLATION TIME! \PEEDOM ATIC TROFEERS 


er WITH THE EXCLUSIVE TELESCOPIC DOOR 


FRAME 


It’s no secret that the aptly-named new Smithcraft 
a { ) Speedomatic is today’s fastest-installing troffer! From the 
, telescopic door frame — that expands or contracts to 
Exclusive telescopic door frame assures Org ut ; 
perfect-fitting jobs every time. Shallow assure perfect fit, even in irregular ceiling openings — to the 


design — only 4154” deep. large access door for fast, easy wiring, the new 





Speedomatic troffers are contractor-minded . . . designed 
to save you hours and dollars. Compare for yourself — 
and you'll agree that Smithcraft Speedomatic is truly the 
fastest-installing troffer on the market today. 


= Smithenaft: Lighting CHELSEA 50, MASS. 


Exclusive wiring access door saves in- FREE! = the Smitncraft LIGHTESTER Prat g 


2 : : Uenrese! 
. . . .. enables your customers and prospects €Steq 
stallation time — large enough to reach to “grade” their own lighting! A creative R 
through for feed wire. selling aid for you! For your sample : “ 
LIGHTESTER, fill out and mail the coupon. 





i Smithenaft lighting Chelsea 50, Mass. H 


[] Please send me a FREE sample LIGHTESTER 
and complete information on how I can use the 
LIGHTESTER to increase my sales. 


C) Please send me the complete Speedomatic 
—_ catalog. 
ee a OSL el ee TS RE, oe ee oe Re ? 
Troffer installs in seconds, from below, g coMrany . 
. by fast-travelling levelling screws, Only \ = Abonuss 
tool needed is a screwdriver. ; 
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“Hold it---I'll have th 
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a4 a ready in a second!” 


You'll save time and money 


every time you install a new 
General Electric (4** dry-type 


transformer. 


QHT dry-type transformers give you, in every 

rating, in every application, a balanced com- 

bination of small size, lightweight, superior in- 

stallation features, high-temperature insulation and quiet operation. This 
combination means easier installation and practically eliminates the major 
sources of dry-type transformer complaints, noise and insulation failure. 


Installation is easy with the new dry-types because the units are built with 
convenient knock-outs, large terminal compartments and wiring spaces 
which are easily accessible from the front. Lifting provisions are made for 
units weighing more than 65 pounds. These new transformers can be located 
at the load which eliminates the need for long, costly low-voltage feeders. 
No vaults, barriers, or ventilating fans are required. 


A new insulation system—QHT dry-types have silicone impregnated in- 
sulation, highly moisture resistant, with an inherent ability to withstand 
high operating temperatures. Combined with materials such as aluminum 
conductors and cold-rolled grain-oriented silicon steel, you get a smaller, 
lighter, quiet dry-type transformer designed for years of service. 


The new transformers are quiet—All have sound levels equal to or less 
than NEMA Standards. The rigid welded design of the units helps eliminate 
lamination vibrations, and on the larger units, built-in rubber mountings 
reduce noise transfer through conduits and mounting brackets. 


Complete stocks of the new transformers are available at local electrical 
distributors. Single-phase units are built for applications through 167 kva 
and three-phase ratings are available up to and including 500 kva. 


It will pay you to investigate how you can save on installation costs, get 
customer satisfaction, and be competitive, with General Electric’s complete 
new line of quiet QHT dry-type transformers. Section 411-8, General Electric 
Company, Schenectady 5, New York. 


*Quiet, High Temperature dry-type transformers. 
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SECTION A411-8 

GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, NEW YORK 
QQuier 


c ovewe Please send me the new Buyers Guide, GEC-1047. 


NAME 


BUYERS TITLE 
| ovice 
COMPANY 
ADDRESS 
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ee) MERCURY Now, 100- to 1000-watt mercury lights give twice the light per watt, 2 to 6 times 


Wired or unwired—get the L-69A prewired, with 4-foot cable, 
or buy it unwired—to cut cost and splicing time. 


ge FLUORESCENT Fluoroflood* fixtures are available in 4-, 6-, 8-, or 9-foot lengths—for High 


*Registered Trade-mark of General Electric Co. 


Cover slips out easily for simple relamping and maintenance 
regardless of position of mounting conduit. 


All angle mounting of L-100 and L-55 series (filament or mercury) 
made possible by threaded mounting stud and locknut. 





longer lamp life than filament. 


5% to 35% more light—more uniform distribution 
—with exclusive ‘‘diamond back’’ reflector. 


Output or Power Groove lamps. 


_ ee 
360° rotation of reflector permits mounting at any 


angle, aiming in any direction. 


almost any application. 


Economy model—L-55 open floodlight—features 
faceted one-piece porcelain reflector. 


MODERN BY DAY HUW 
ith 
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Only with General Electric 
floodlights can you choose from 


ALL 3 LIGHT SOURCES 


and get these important benefits 


More light per unit, better distributed light—For example the optical 
design of General Electric’s Fluoroflood fixture is specifically de- 
signed to deliver maximum light in a uniform pattern, eliminating 
“hot spots” and dim areas. For filament or mercury lighting, G.E.’s 
exclusive “diamond back” reflector—featured on our L-69A, L-55, 
and L-100 units, delivers from 5% to 35% more light—light that 
is usually lost behind the lamp with ordinary fixtures. 


Fast installation, practically no maintenance—Sturdily designed G-E 
floodlights are fast and simple to mount, aim, connect, and main- 
tain. The external terminal box on the L-69A (mercury or 
filament) makes wiring faster and simpler, insulation life is in- 
creased many times. The Fluoroflood fixture offers easy access to 
wiring and complete flexibility in mounting and aiming. Since the 
reflector can be rotated 360°, you can mount it at any angle, aim 
it in any direction. Installation and maintenance are greatly sim- 
plified since the unit consists of only two end castings with lamp- 
holders and a reflector. 


Availability from many distributors’ stocks—Coast to coast, more 
than 500 electrical distributors are franchised to supply General 
Electric floodlights from stock or by prompt shipment. Remember, 
General Electric premium quality floodlights cost no more than 
ordinary floodlights. 

Call in your G-E Distributor today for the complete story— 
or send in the coupon below. 
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Section A450-14, General Electric Company, Schenectady, N. Y. 


Please send me free information on the subjects checked below: 


(0 Filament Floodlighting (0 Fluoroflood Fluorescent Fixture 
(0 Mercury Floodlighting (0 Floodlighting Application Manual 


Name 
Company 
Street 


City 








Count, sort, or inspect them faster 





Self-contained relay 
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Low-cost; ideal for limit-switch- 
type application; includes a 
SP-DT output relay. 
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Transistorized relay 
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Features transistors; hermetically 
sealed plug-in relay; miniature light 
source, photocell holders. 


General-purpose relay 








A low-cost, highly reliable relay 
suited to counting, diverting, limiting 
and signalling jobs. 





Explosion-proof relay 
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Watertight, explosion-proof; in- 
cludes 3-inchlens, self-contained 
phototube, time delay. 


Long-distance relay 
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Responsive only to light from ac- 
companying light source; operates 
at distances up to 2,500 feet. 


Smoke-density indicator 





Measures smoke density, liquid tur- 
bidity, etc., and provides alarm when 
pre-set point is reached. 








Voltage-sensitive relay 





Detects voltage changes for 
meter operation, elevator-motor 
overspeed detection. 





Electronic timer 





Provides time delay of given dura- 
tion, or set interval simply by setting 
dial at desired time. 








Cut-off register control 


Low-cost; features direct operation of 
solenoid, small scanner, timed reset 
and relay kits. 
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and more eff 


High-speed relay 


High-sensitivity; fast operating (600 
ops. per min.); time delay, interlock, 
many other features. 


Resistance-sensitive relay 


Ca 
S5 
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Uses resistance changes to control a 
circuit; can operate motor to maintain 
liquid between two levels. 


Side-register control 


Accurately maintains lateral position 
of moving web in a process or ma- 
chine; high-accuracy control. 


iclently with modern 
G-E electronic devices 


Your General Electric distributor offers a 
full line of simple, easy-to-use controls 


Whether you’re automating a production line . . . replacing obsolete 
machines . . . or, trying to get more out of present equipment .. . 
one of General Electric’s photoelectric or electronic controls may help 
you gain faster, more efficient production. 


Why? Because G-E photoelectric and electronic control devices are 
specifically intended to take the complexity . . . the labor . . . and 
the waste out of modern-day production. Combinations of these de- 
vices are applicable to virtually any industrial counting, sorting, 
signalling, protecting, diverting, detecting, or limiting job. And, 
chances are they will do the job at less initial cost—and lower operat- 
ing cost—than the control methods you are now using. 


CONSIDER THESE EXTRA-VALUE FEATURES 


Bonus features you get with job-proved General Electric photoelectric 
and electronic controls include: 


Fast response— Relays operate on light changes as short as 1/1000th 
of a second. 


Versatility—-G-E relays operate on light increase, decrease, time delay, 
reflected light, slow or rapid light change. 


Dependability—-Lamps operate 3,000 hours or more. Components are 
conservatively rated for long, maintenance-free life. 


If you are not satisfied with the efficiency of your production 
operations, it will pay you to find out about G.E.’s complete line of 
control devices. Call your nearby G-E Apparatus Sales Engineer or 
Distributor. Or, send us the coupon below. General Electric Co., 
Specialty Control Dept., Waynesboro, Va. 


Progress /s Our Most Important Product 
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SEND TODAY FOR FREE CATALOG 


General Electric Co., Section A793-1 
Schenectady 5, N.Y. 


Please send me a copy of the new G-E Photoelectric Control catalog, GEA- 
6822, with description, specifications, and pricing data on the complete line. 


Name 
Company 
Address 


City 
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WEDGE-ACTION DESIGN (see cross- 
section cutaway) gives positive 
“make.” A quick, clean “break” is 
assured by spring-loaded contacts 
and a low-stress “kick-off” spring. 





FIELD-PROVED 100-LINE DESIGN .. 


NEW ollE 2 
MAGNETIC STARTER 


General Electric now offers a Size 2 magnetic starter that is 34% smaller 
than previous open forms, and includes all the field-proved features of General 
Electric’s 100-Line. You get better performance, less maintenance and greater 
dependability because: 
WEDGE-ACTION CONTACTS provide more positive “make”. Reduced armature 
mass and spring-loaded contacts practically eliminate bounce. Contact springs 
and a special “kick-off” spring provide positive “break”. Vertical contacts 
shrug off dirt and dust. 
NEW ARC TRAP DESIGN actually attracts arcs away from contacts and dissipates 
them harmlessly to prolong contact life. 
SNAP-SLIDE CONSTRUCTION makes possible complete disassembly of the 
starter in 20 seconds. Contacts can be removed and inspected in ten seconds. 
STRAIGHT-THROUGH WIRING means no wires need be bent or looped, and all 
wiring is done from the front. Pressure-type terminals and 10% more wiring 
room speed installation. 

For more information, contact your nearest General Electric Apparatus 
Sales Office or Distributor, or write Section 733-45, General Electric Co., 
Schenectady, N. Y. (Ask for Bulletin GEA-6917.) 
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RUGGED DEPENDABILITY of new General 
Electric Size 2 starter is proved by se- 
vere plugging-duty torture test. 
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SNAP-SLIDE CONSTRUCTION permits 
complete starter disassembly in 20 
seconds without tools. All operating 
parts either snap or slide together 
for maximum accessibility. 


10% MORE WIRING ROOM makes 
the new Size 2 starter easier to wire, 
even though it is 14% smaller than 
previous enclosed forms. Wrap- 
around cover adds extra accessibility. 


STRAIGHT-THROUGH WIRING with 
line terminals on top and load ter- 
minals on bottom saves wiring time. 
All wiring is done from front, and 
no wires need be bent or looped. 








Fiow to cut costs 
with the 


RIGHT motor 


Don’t be baffled by power factors, torques, efficiencies, and starting, 
accelerating, and thermal characteristics, or housing, horsepower and 
speed control. Let Century Electric help you balance these factors to cut 
operating costs with the right motor. 


Here’s how Century Electric can help you: 


10,000 choices—-Century Electric engineers can help you specify 
the right motor without having to rely on a few types to do all jobs. 
Century Electric makes a complete variety of integral horsepower motors. 
Over 10,000 types up to 400 hp. There is one for every type of equip- 
ment—transfer machines, ball mill drives, compressors, drilling machines, 
lathes, etc. For all operating conditions too—dusty, corrosive, explosive 
or moist. 


Long life motors—And you get years of dependable operation from 
Century Electric motors. They are manufactured to rigid quality stand- 
ards. Electrical tests and other checks on operating characteristics made 


during manufacture assure you the best motor for your money. 


Application know-how—Every Century Electric sales engineer 
knows motor drive systems because he sells motors and nothing but 
motors. Often he can give you on-the-spot answers. If not, he can turn 


to an engineering staff that comes up with quick answers. 


You can get the right motor for your equipment just by contacting 
your nearest Century Electric Sales Office or Authorized Distributor. A 


Century Electric sales engineer will be glad to help you. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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HOLOPHANE COMPANY, INC. r 
342 Madison Ave., New York 17, N.Y. °° 5 
We'd like to learn more about your 
HOLOFLUX 6400 SERIES. Please send instal- 
lation and engineering data, without obli- 
gation. 


ORGANIZATION 
STREET 
CITY _ ZONE STATE 
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Two Totally New Concepts... 
2-Foot-Wide installation... 


HOLOFLUX recessed units, with many functional advance- 
ments, are available in 2 major styles. One employs a lumi- 
nous prismatic border (as shown) for ceiling illumination. The 
other features flat CONTROLENS for unbroken ceiling sur- 
faces... Basic units, in 4-foot lengths (2 or 4 lamps per 
section) are made for single or continuous run applications. 


Exceptional Versatility... 
Wide Range of Applications 


HOLOFLUX satisfies the increasing demand for highly efficient, prismatically con- 
trolled, recessed lighting. Its distinctively simple, streamlined design integrates with 
a wide variety of contemporary interiors: stores, offices, showrooms, banks, public 
buildings, waiting rooms, sales offices, airport public areas, institutions. Recom- 
mended for today’s low-ceiling installations. 





A Most Important ADVANCE in Recessed LIGHTING... 


Tiley ty. 


Series 6400 


Here's the Future of Lighting— 
Ready NOW...for Today's Interiors... 


All the specialized skills and experience accumulated by HOLOPHANE through 61 years of 
lighting leadership have contributed to the development of this latest achievement—the new 
HOLOFLUX* family of luminaires... Unique illuminating advantages, never before available, 
are made possible by the PRISMALUME® (acrylic plastic) CONTROLENS*. These lenses are 
crystal clear, light in weight, shatter-resistant, and free from discoloration. They are molded 
to provide prismatic patterns that assure highest efficiency, lowest brightness, upward (ceiling) 
light... HOLOFLUX mechanical features: very shallow fixture; easy installation; great 
rigidity for continuous runs (no visible metal); positive action door; economical maintenance. 


HOLOPHANE COMPANY, INC. 
Lighting Authorities Since 1898 
seit sien 342 Madison Ave., New York 17, N. Y. 
THE HOLOPHANE CO., LTD., 418 KIPLING AVE. SO., TORONTO 18, ONT. 


*Trade Marks 


For all types of ceilings: 
Holofiux units are engineered for 
easy installation in all modern 
forms of ceilings, including the in- 
verted T, wy and “HY spline; 
also in the ordinary and acoustical 


plastic ceilings. 








ASCO COMPLETE CONTROL SYSTEMS 


Here’s how ASCO control system operates... 


ASCO Automatic Transfer Switches, with built in selected 
time delay of % to 3 seconds, ignore momentary outages 
caused by transient conditions—thus protect generating 


STEP 1 The instant a sustained out- 
age is detected, a contact on the ASCO 
Automatic Transfer Switch (A) closes. 


STEP 2 This energizes the ASCO 
Automatic Engine Starting Control 
(B), which opens the fuel control de- 
vice on the generator and cuts in bat- 
teries to energize the starting motor 
and crank the engine (C). 


Four on-off cranking cycles are pro- 
vided. When the engine fires, the 
starting control automatically discon- 
nects the cranking control. 


Past. 





equipment from false starts. However, once a sustained 
outage is detected, ASCO Control Systems put standby 
power in action—fast. Follow the cycle, step by step... 


1/30 TO 1/6 SEC 


STEP 3 When standby power source 
reaches proper voltage and frequency, 
the transfer switch transfers the load 
to the electric plant. Time of transfer 
— 1/30 to 1/6 of a second! 


When normal power is restored, the 
ASCO Transfer Switch returns the 
load to its original feeder lines. The 
Starting Control then causes the elec- 
tric plant to shut down. 





STANDBY POWER IN ACTION - 





AgTOMATIC ENGINE STARTINS CONTE 





For Dependable Standby Power, ASCO designs and man- for engine cooling, and other electric plant applications. 
ufactures a complete line of emergency power and electric 
plant control equipment. In addition to Automatic Trans- 
fer Switches and Automatic Engine Starting Controls, 
this includes: 


Load Demand Controls: To automatically start engine 
when load is applied; stop it when load is removed. 


For Detailed Information write for: 
Solenoid Valves: For air starting applications, and for 
controlling the flow of cooling water, fuel oil and other 
liquids and gases. Catalog 57-S5 — Solenoids 

Battery Chargers: To keep starting batteries charged, Catalog 57-S6 — Electric Plant Controls (including 
ready for engine starting. battery chargers) 


Catalog 57-S1 — Automatic Transfer Switches 


Solenoids: For fuel control devices, operating shutters Catalog No. 25—Solenoid Valves 


Dependable contro/ by ASCO 


Automatic Switch Co. Me w\wa¥ 


50-J Hanover Road, Florham Park, New Jersey «+ Frontier 7-4600 





AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 





Kdwards helps 
Contractors Make 
the most of a hig 
and prolitable 


market! 


I, your signaling installations are limited to just bells and buzzers you’ve been miss- 
Pm, =] S d 

ing sales opportunities that a profit-conscious organization can’t afford to ignore. 

Modern signaling is systems—Edwards signaling systems primarily. These systems 


represent extensive, often elaborate installations that are definitely worth your while. 


Edwards provides a complete line of equipment available through your local Edwards 
distributor for every type of signaling requirement in control, communication and 
protection—and the Edwards Technical Representative is always there to assist you 
on the more elaborate jobs. Remember, Edwards recommends the recognized electrical 
contractor as the sole installer of its equipment. Why not call your Edwards distribu- 


tor today and start participating in this rapidly expanding ees a 


team effort! 
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POTENTIAL INSTALLATIONS 





Fire Alarm Systems 
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Clock Systems 








Clock & Program Systems 








Paging Systems 








Intercommunication Systems 








Burglar Alarm Systems 





Psychopathic Alarm Systems 





Nurses Call Systems 





In & Out Registers 





Annunciators 





Chimes 





Bells 





Buzzers 





Horns 
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Push Buttons 








Door Openers 





Call Buttons 
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Other Contact Devices 





Kdwards 
Signaling Products 
lor Control, 
Communication, 
Protection COMMERCIAL BLDGS. 


Additional copies of this checklist are available direct from Edwards, write Dept. EC-5, Edwards 
Company, Inc., Norwalk, Conn. In Canada: Edwards of Canada, Ltd, Owen Sound, Ontario. 


CONTROL + COMMUNICATION + PROTECTION | EDWARDS wa 
Specialists in signaling since 1872 
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SCHOOLS 

id 
OFFICES 
STORES 
WAREHOUSES 
HOSPITALS 


PROSPECT 


INDUSTRIAL 


TEAR ON DOTTED RULE 


iin 0 











8 Hallmark Cards, 


Architect & Cor 


+ P ' + y . b Ar “ ave o a o 1 a de a - 
s Curtis Vari-S¢ produ ve lighting patterns in several lobbies of the Hallmark Cards building. Reception room shown is app 


45 ft. by 45 ft. Vari-Sy are used here to accent two areas. Each is impressively dramatized. 


oa 











= General office. Curtis Alzak aluminum low-brightness troffers assure glare-free 
illumination throughout the area, combining visual well-being with visual charm. 


Pali Selsey 





Special illumination effects in greeting card building... 
accent high visual comfort... create a feeling of friendliness 


It’s only natural that a greeting card company would want to capture the 
spirit of its product in its headquarters building. And that was done at 
Hallmark Cards, Kansas City, Missouri. Technically, the lighting problem 
called for a system that would be uniform throughout the structure, yet 


Curtis Lighting provide the same glare-free illumination in rooms of various sizes. The 


assignment clearly prescribed Curtis Visioneering. The desired result was 


effected when Curtis designed a lighting system combining Curtis Alzak 
helps , iin . 


aluminum low-brightness troffers and Curtis Vari-Spot recessed incandes- 
cent units. The careful application of Curtis products completed the theme 
Hallmark Cards of visual charm and warm greeting, thus accentuating the aesthetic char- 
acteristics of the Hallmark Cards building. For assistance on your lighting 
say “Welcome!” problems write for the name of the Curtis Visioneer nearest you. Curtis 


Lighting, Inc., 6135 W. 65th Street, Chicago 38, Illinois. In Canada: 
195 Wicksteed Avenue, Leaside, Toronto 17, Ontario. 


CURTIS 


Visioneers in Planned Lighting 














Cables 50% easier to pull 


with Rome’s new invisible lubricant! 


Two almost identical groups of wire of 
the same size were pulled through 
identical lengths of conduit. Yet, 
one group was 50% easier to pull! Why? 


An Actual Test 


In the illustration above, you can see 
that the force needed to pull nine wires 
(No. 14 AWG) through the bottom 
section of conduit was approximately 
150 pounds, These wires were coated 
with the conventional paraffin-type 
lubricant 

Now, note the top half of the test. 
Same size wires. Same number of 
wires. Same conduit. But—these 
wires were coated with the new Rome 
Cable emulsion. Pulling force needed: 
Less than 75 pounds. Less than half 
the pulling force needed for paraffined 
wire. You can't see the coating—but, 
you can see the result, and it’s per- 
manently bonded to the insulation. 


Easier Installations 
This new improvement in wire coating 
can save money for you. With wire and 


cable pulling easier, you cut installa- 
tion time and labor costs. There’s no 
problem with the coating flaking off 
because it is virtually “married” to the 
insulation. Rome’s new emulsion will 
not “pile up” to plug conduit or 
“freeze” cables in position. 

Furthermore, extensive heating and 
aging tests have proved that this new 
emulsion coating will not be absorbed 
by the insulation, nor will it disappear 
through volatilization. 


Available now 
This new extra-low-friction coating is 
now standard on many of the Rome 
wires and cables which have Rome 
Synthinol insulation. A list of wires and 
cables coated with the new emulsion 
is shown at the right. 


The next time you order building 
wire, be sure to ask your electrical dis- 
tributor about Rome Cable’s new emul- 
sion-coated, easy-to-pull building wire. 





New invisible lubricant now avail- 
able on these Rome wires and 
cables: 


¢ Rome Synthinol building wires 
and cables, Type TW—600 volts. 


¢ Rome Synthinol 901 wires and 
cables for extra heat and corro- 
sion resistance, Type TW—600 
volts. 


e Rome FlexAll cable, Types UF 
and NMC—600 volts. 











ROME CABLE 
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NEW SERVICE ENTRANCE EQUIPMENT 


200-AMP CAPACITY... CIRCUIT BREAKER CONVENIENCE 
... AT A COMPETITIVE COST 


You will like the extra convenience of Heinemann’s 
new 200-amp service entrance equipment. . . and so 
will your customers. 

Trim, compact, smaller than comparably rated 
fused pull-outs, these units offer considerable savings in 
terms of easier installation and more efficient operation 

Installation features would make an apprentice 
happy. Wiring space is plentiful connections are 
easily made with solderless screw-type connectors 
knockouts are placed so that you can run-in conduit 
from any angle 

Completely non-thermal, the magnetically actuated 
Heinemann circuit breaker eliminates nusiance trip- 
ping and other temperature-caused troubles. You can 
therefore locate the unit wherever most convenient 

. next to heat lines or out in the hot sun, if neces- 


ELECTRIC COMPANY 


132 Plum Street, Trenton, N. J. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


sary. The breaker will always carry full rated current, 
will always trip as specified 


Breaker protection provides other conveniences as 
well’ no bothersome fuse changing, simplified switch 
ing: the switch handle has only two positions: ON 
and OFF. No reset position; no confusion possible 


Rated at 120/240V AC, two or three wire service, 
the new Heinemann service entrance equipment is 
available in outdoor or indoor enclosures. Both are 
of heavy-duty steel in a grey baked enamel finish 
Outdoor enclosures are raintight, with hinged covers 
that may be padlocked against tampering 


You'll be pleasantly surprised by the cost. It’s little 
more than that of comparably rated fused equipment 


For full information send for Bulletin 1003 
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If so, consider the record being es- 
tablished by Rome Synthinol 901, a 
special 90° PVC compound for wire 
insulation and sheathing. It has 
helped to solve an impressive list of 
difficult wiring problems. 
Developed by Rome Cable’s lab- 
oratory and first introduced in 1949, 
Rome Synthinol 901 has proved by 
test and actual use to be superior to 
conventional PVC compounds in the 
following ways: 
a. Suitable for continuous operation 
at higher temperature (90°C). 
. More stable under severe heat cy- 
cling. 
‘, Suitable for continuous immersion 
in hot transformer oil. 
. Superior resistance to chemicals 
and solvents. 
Greater resistance to heat defor- 
mation. 
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CEFORMATION OF POLYVINT, CHLOMOE ON WIRE 








Graph shows heat deformation vs. tempera 
ture, and compares Synthinol 901 with con 
ventional PVC compounds. Test run in ac 
cordance with Underwriters Laboratories 
standard procedure, except for temperature 


The practical value of this com- 
pound can best be illustrated by 
describing a number of actual case 
histories. 


(1) Oil refinery, industrial and 
chemical plant wiring. 
Plant and oil refinery engineers have 
long used conventional PVC insula- 
tions for plant wiring with good re- 
sults, but too often heat deformation 
problems arose in warm locations. 
Since Rome Synthinol 901’s supe 
rior deformation resistance  sug- 
gested that it might be the answer to 
this problem, it was tried and soon 
became widely used because of its 


Advertisement 


Troubled with wiring? 


much better service record. 

Synthinol 901 also proved to be far 
superior to conventional materials 
for chemical plant wiring where the 
corrosive action of chemicals and 
solvents has always been a tough 
problem. Although polyvinyl chlo- 
rides as a class have inherently bet- 
ter resistance to chemicals and sol- 
vents than many other materials, 
some engineers desired even further 
improvement. One user decided to 
test a number of samples over a long 
period by immersing them in various 
concentrations of acetone, different 
alkalis, and butyric, propionic, and 
acetic acids. The results of this care- 
ful evaluation showed clearly that, 
when exposed to these chemicals, 
Synthinol 901 would last longer than 
any other PVC tested. 


(2) Oil-filled transformers. 


Transformer engineers have long 
sought a cable construction to re- 
place varnished cambric-insulated 
cable for leads in oil-filled trans- 
formers. These leads connect trans- 
former windings and bushings and 
are constantly immersed in hot oil. 
One transformer manufacturer, en- 
couraged by successful experience 
with Synthinol 901 on other appli- 
cations, undertook a comprehensive 
study of the possible usefulness of 
this insulation in lieu of varnished 
cambric for high-voltage transform- 
er leads. This study extended over a 
several-year period and proved to 
those engineers involved that there 
were at least four reasons for stand- 
ardizing on Synthinol 901 for this 
application: 
a. There was less sludge in the oil 
than when VC insulation was used. 
b. There was no harmful degrada- 
tion of the electrical properties of 
the oil. 
c. Conductors insulated with Syn- 
thinol 901 ran cooler, permitting 


a 7% increase in lead cable cur- 
rent rating. 


d. The use of Synthinol 901 in lieu 
of VC would permit substantial 
dollar savings. 


(3) Coil leads. 


Many manufacturers of small coils 
for relays, small transformers, small 
motors, and electronic components 
have tried to use PVC insulated lead 
wires for many years. Typically, 
these leads are crimped or soldered 
to the ends of the coil; and the whole 
coil is then impregnated with var- 
nish or wax and baked as long as 16 
hours at temperatures as high as 
150°C. The varnish used may be 
asphaltic, phenolic, alkyd, etc.; and 
the wax may be paraffin, beeswax, 
carnauba, or another kind. 

PVC insulated lead wires fre- 
quently produced serious produc- 
tion problems because of the insula- 
tion’s tendency to shrink, crack, and 
stiffen during the impregnation and 
subsequent baking period. Synthinol 
901 was substituted in place of the 
ordinary PVC insulation and, after 
nearly eight years of wide usage, not 
a single case of shrinkage, cracking, 
or stiffening of insulation involving 
Synthinol 901 has been brought to 
our attention. 

These case histories describe just 
a few of the applications for which 
Rome’s Synthinol 901 has proved 
especially effective. Perhaps they 
will suggest other applications in 
your own area which might also be 
better handled with Rome Synthinol 
901 instead of a conventional PVC 
compound. If you have a wire or 
cable problem that might be solved 
with Rome Synthinol 901, why don’t 
you get in touch with us? Contact 
your nearest Rome Cable repre- 
sentative for more information—or 
write to Department 322, Rome 
Cable Corporation, Rome, N. Y. 


ROME CABLE 
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ToS & A Os 
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New RACO “Q’ 

Quick-Clamp 

can save hours ua 
on the job 


**Q"’ Quick-Clamp 
available in RACO 


With RACO’s New ‘‘Q”’ Quick-Clamp you can install non-metallic R 
sheathed cable in seconds. Simply push the cable through ‘‘Q” Cable moves freely 
~ into clamp and is 
Quick-Clamp. Cable is held firmly in place, can’t be pulled out ‘ gripped tightly 
until clamp is released. To release the cable, apply a little pressure ~~ 


under the clamp with your screwdriver. With the new “Q”’ 





Quick-Clamp there will be no more lost time tightening and 
loosening cable clamp screws...no more stripped screw threads. 


And... you'll save an hour or more on the average job (60 to 
100 boxes per house). Your RACO Distributor has the New ‘Q”’ 
Quick-Clamp Switch and Outlet Boxes. They’re revolutionary, yet i To back-off cable, 
P release clamp pressur 
so simple to operate. (Exceed Underwriter Laboratories’ tests; — with screwdriver 


are fully protected by patents.) See them and try them now. 


*Trademark 


Rac 


PS =6ALL-STEEL EQUIPMENT INC. Aurora, Illinois 
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485 LEXINGTON AVE., New York City aaa 





URIS BROTHERS, Owner and Builder EMERY ROTH & SONS, Architect 
ALFRED J. KLEINBERGER, Electrical Engineer FISCHBACH & MOORE, Electrical Contractor 


POs MEADE, 








Electrical Priethetbeis goes MODERN 
“)* with BUSS Fuses 
at 485 Lexington Ave., New York, N.Y. 


Tn keeping with the modern trend the elec- and dependability required for today’s circuits. 
trical protection for this new 30 story office 


building is BUSS Hi-Cap and FUSETRON BUSS Hi-Cap fuses have a NEMA interrupt- 
ata dieeaii teen ing rating of 200,000 amperes rms symmetrical. 


FUSETRON dual-element fuses have a NEMA 
No other type of protective device can match interrupting rating of 100,000 amperes rms 
fuses in providing the high interrupting capacity symmetrical. 





Main Switch Board—BUSS Hi-Cap 
and FUSETRON fuses 

Estimated available fault current is 
between 140,000 and 150,000 amperes. 


with fuses— 
safe protection remains safe! _ 


Unlike mechanically operated devices, a fuse has no 5 sins 
pivots or contacts to stick or get out of order. Dust, fumes 
corrosion or age cannot increase a fuse’s capacity or lengthen 
its blowing time. 


After years of inactivity, a fuse will give the same safe, 
dependable protection if called upon to open as it would have 
on the day it was installed. 








If a fuse does blow, there is no recalibration needed. As 
quickly as the fault in the circuit is corrected, you slip in a 
new fuse, that has been CALIBRATED AT THE FACTORY BY 
ENGINEERS. 

for more information 
On BUSS Hi-Cap Fuses......... write for bulletin HCS 
On FUSETRON dual-element Fuses..write for bulletin FIS Distribution Panels 
PROTECTED BY FUSETRON FUSES 


BUSSMANN MFG. DIV., McGRAW-EDISON CO., ST. LOUIS 7, MO. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1959 





Panelboard planning 


helps Power-Up 
The National Cash Register Plant 


Tye spas wvissoe 











Owner: The National Cash Register Co., Dayton, Ohio 

Architects: Lorenz and Williams, Architects and Engineers, Dayton, Ohio 
Consulting Engineer: Schweiger, Heapy & Associates, Dayton, Ohio 
General Contractor: Streeter Associates, Inc., Elmira, N. Y. 

Electrical Contractor: Buffalo Electric Co., Inc., Buffalo, N. Y. 
Westinghouse Distributor: Buffalo Electric Co., Inc., Buffalo, N. Y. 





An all-Westinghouse electrical distribution system 
meets all requirements 


The new Adding Machine Division Plant of The National 
Cash Register Company in Ithaca, New York, was carefully 
planned to provide for efficient production and future plant 
expansion. Completely Westinghouse equipped, this new 
plant has a 50% reserve electrical capacity that can be 
utilized readily with the spare equipment now installed. 


Westinghouse works closely with you in planning for future 
and present electrical needs, and in providing flexible and 
efficient systems that can be adapted to any changes in your 
production methods. Find out how Westinghouse Power-Up 
planning can increase the efficiency of your installation. 
Contact your nearby Westinghouse Office, or write: Westing- 
house Electric Corporation, Box 868, Pittsburgh 30, Pa. 


J-93549 


You CAN BE SURE...1F IT's V Vestinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-OES! ARNAZ SHOWS CBS T¥ MONDAYS 








Clair Dean, Buffalo Electric Co., Electrical Contractors, 
and John M. Schweiger, Schweiger, Heapy & Associates, 
Consulting Engineers, are shown here in the electrical 
equipment room. On the wall facing them can be seen 
four Westinghouse panelboards. Two of the panelboards 
are NLAB 120/240v, one is an NHIB 277/480v, and the 
opened panelboard in the foreground is a COP 277/480v. 
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WIRING TO PANIC SWITCHES outside a big walk-in altitude-temperature test chamber 
recently built by Conrad, Inc., Holland, Michigan, for a leading missile manufacturer 


is protected by Sealtite Flexible Conduit- which also simplified installation. 


es 








we 


Ye 


| oe 


: 


MOTOR CONNECTIONS to the two 25-hp vacuum pumps are CONNECTIONS TO THE FOUR 50-hp refrigeration con 


guarded by Sealtite Flexible Conduit. Pumps maintain a 
vacuum as low as 3.5 millimeters of mercury to simulat: 
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THE BIG 1200-CU. FT. CHAMBER has a temperature range 
of from 650F to minus 120F—can simulate altitude 


conditions from sea level to 120,000 ft. 
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“Were 
npressors are protected by Sealtite 


Flexible Conduit. Two of the compressors operate with Freon 22 cooling the con- 
densers of the two Freon 13 systems. This Conrad patented cascade design car 


atmospheric conditions at high altitude. readily produce temperatures to —120 degrees F. 


TO HELP KEEP SPACE-AGE TEST UNITS WORKING FULL TIME, 
SEALTITE FLEXIBLE, LIQUID-TIGHT CONDUIT PROTECTS WIRING 


Environmental test equipment must be more dependable than the 
item being tested. Time is critical in research and development pro- 
grams. Conrad, Inc., which built the unit above, specializes in pro- 
ducing the highest quality environmental test chambers. Every 
means at its disposal is used to insure dependable equipment per- 
formance. To protect vital electrical connections it uses Sealtite 
Flexible, Liquid-Tight Conduit. 

Sealtite has a tough, extruded polyvinyl jacket that provides pro- 
tection even in roughest conditions. It’s easier and less costly to 
install—it’s ideal where conduit must flex or move, absorb vibration, 
join misaligned outlets 
WHERE TO GET SEALTITE — Electrical Wholesalers stock Types U.A. and E.F. 
Sealtite in easy-to-handle coils, in black or gray. Be certain you ask for and 
get the quality conduit marked “Sealtite” and “Anaconda” on the cover 
Buy it in long lengths on reels or in cartons and cut it on the job without 
waste. Your wholesaler also stocks liquid-tight connectors. Free Booklet 
$-542 gives full information on Sealtite. Write: Anaconda Metal Hose 
Division, The American Brass Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass, Ltd., New Toronto, Ont. Sealtite is approved 
by Canadian Standards Association 


Pat. Applied For 


CUTAWAY SECTION o 
Type U.A. Sealtite show 
ugh polyvi a 


COPPER BONDING CONDUCTOR 
i 


gives ¢ 
LISTED UNDER LABEL SERVICE PROGRAM 
OF UNDERWRITERS’ LABORATORIES, INC 


Insist on the conduit marked 


SeALTITE 


Flexible, Liquid-Tight Conduit 


an ANACON pA product 








TWICE AS FAST 


to help you slash bending 
time up to 50% 


This new 2-speed Blackhawk workhorse gives 
you more usable power — faster — to save you 
time on every pipe bending job. . . large or 
small. Compare with all others . . . you'll find 
this new 10,000 psi power package approaches 
the load twice as fast ... with twice the speed 
under load of any other portable, electric-hy- 
draulic pump. And, only Blackhawk’s P-550 
starts safely under full load . . . no need to 
back off — you save time while bending! 
Team the P-550 with a Blackhawk feather- 
weight one-shot bender (or any other benders 
you now have) and you’re set for faster, eas- 
ier bending . . . ready to take on more jobs 

. make bigger profits during the coming 
construction rush! 


NEW IP-550 2-speed 


portable, electric-hydrau- 
lic pump. Suggested user 
price, only $370 


TRY-BEFORE- 
YOU-BUY 
Demonstrator Kit! 


Here’s your chance to compare and try before you buy. See 
your Blackhawk distributor for a one-shot aluminum bender 
and a P-550 pump demonstration kit that you can use on your 
job! Prove to yourself how much more time you save . . . how 
much more profit you can make on every job. And, you can 
pay as you profit! Many distributors are offering interest-free 
extended terms . . . up to six months to pay! Try a demon- 
strator and modernize your equipment now. 


“World's Largest Manufacturer of Hydraulic Tools” 


€>BLACKHAWK: 


BLACKHAWK MFG. CO., Dept. H-2059, Milwaukee 46, Wis. 


ee _ — 
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ONLY GENERAL CABLE MANUFACTURES BOTH TYPE Mi AND INTERLOCKING ARMORED CABLES. 
CONTACT YOUR NEAREST GENERAL CABLE SALES OFFICE FOR FULL INFORMATION AND SPECIFICATIONS. 
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type 
mi 
cable 


for power distribution, 
control and 
lighting circuits 





al power 


inter- 
locking 
armored 
cable 


for feeder circuits 


GENERAL CABLE CORPORATION 
65 Offices and Distributing Centers Coast-to-Coast 


for quality S 
wee” GENERAL 
specify... 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


TYPE Mi CABLE has solid copper 
conductors and sheath separated by 
highly compressed inorganic insulation! 
Just about indestructible, yet it trains 
easily over and around obstructions. 
Naturally it needs no protection: just train 
it and terminate it. MI is compatible 

with all other wiring systems. It is 
completely resistant to moisture, age, 
nearly all chemicals, temperatures up to 
185°F with standard terminations, 482°F 
with special terminations; and it is 
approved for use in hazardous areas. 


It will last forever. 


Type Mi Cable and 
Interlocking Armored Cable 
work together to lower 
installation costs, minimize 
space requirements, 
provide maximum flexibility 
and accessibility in 

your cable systems. 


GENERAL CABLE’S Interlocking 
Armored Cable combines flexibility with 
the mechanical protection normally 
afforded by metallic conduit, yet has the 
same current rating as cable in free air. 

It can be trained to fit the contours of 
buildings and surrounding equipment and 
provides a neat, compact installation. 

It is available in bronze, aluminum and 
steel and may be applied over most 
cable insulations in the voltage ranges 
recommended by industry standards. 
Protective coverings are available to 
combat environmental conditions which 
might cause pitting or corrosion of 


the interlocking armor. 


420 Lexington Avenue, 
p< New York 17, N.Y. 
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““You’ve got to get 


on the trail fast these days’’ 


By 


a ae 


DODGE REPORTS help you flush out 
live opportunities 


Successful contractors know that information and timing 
are vital to getting business in the competitive new building 
market. That’s why the smart contractor uses Dodge Reports 

to select the jobs he wants to go after ... jobs he knows 
will be profitable . . . and to find out exactly when and 
where to act. 

Dodge Reports are mailed to you daily. They tell who’s 
going to build what and where in your area ... in the 
types of construction you're interested in. 


You know at a glance whether any given project is right 
for you. You know when bids (and re-bids) are wanted - 
and you know with whom you're competing. You never 
miss an opportunity for lack of the facts. 

If you do business anywhere within the 37 eastern states, 
you should learn how Dodge Reports can improve your 
operation and your profit picture ... keep you ahead of 
competition. Get complete information on Dodge Reports... 


WRITE FOR FREE BOOK 


F. W. Dodge Corporation, Construction News Division, 
119 West 40th Street, New York 18, N. Y., Dept. ECM59 
Send me the book “Dodge Reports 


How to Use Them Effectively” 


and let me see some typical Dodge Reports for my area. I am interested 


in the general markets checked below. 
|] House Construction [] General Building 
|] Engineering Projects (Heavy Construction) 


Area 
Name 
Company 
Address 


City 
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Painting by Ned Seidler 


FACT 


A dollar allocated for electrical equipment is worth 
more when it is used to buy I-T-E equipment 
Because I-T-E’s policy is to build its equipment better, 
and yet charge no more 


Take a typical secondary unit substation, for example 
It features the new K-LINE Circuit breakers 

today’s most advanced line. They stack four high in 
ratings up to 600 amp. . . save roughly “% the space 
and half the weight formerly required. Circuit breaker 
pulldown handle with stored energy mechanism gives 


quick-make closure that means greater operator safety 
and longer contact life. The breaker can be drawn out 
to disconnect position without opening the door. And 
if the load increases later, expanded range trip devices 
adjust quickly and without added expense 


These features add up to real dollars and cents savings 
over the life of the equipment. Yet they cost nothing 
extra. In addition, I-T-E substations are engineered 
and manufactured in a single I-T-E plant for extra 
installation ease and better performance 


There are other I-T-E facts too. Turn page. 


I-T-E CIRCUIT BREAKER COMPANY 
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Are you fully acquainted with the 
broad |-T-E line... and the many ways 


it can help your dollars buy more? 


ELECTRICITY 

















Custom designed at no extra cost 

stations are designed and built to meet the specified power, 
space and future expansion requirements of the particular 
installation for which they're ordered. In addition to stand- 
ard outdoor metal-clad construction, weatherproof walk-in 
switchgear is also available. Transformer and switchgear 
sections are constructed in the same plant to assure smooth 
coordination of components, easier assembly, pretested 
performance, and on-time delivery. 






























Protection for primary power. I-T-E metal-clad switchgear has 
many extra advantages not available elsewhere. Take a good 
close look. You'll find extra sturdiness that means extra serv- 
iceability. And extra craftsmanship that gives the owner a 
feeling of pride. For easy inspection, even the rear doors are 
hinged, and components are completely accessible. All essen- 


at ee 


Self-contained substation. Saves installation cost. 


TRANFO-UNIT combines primary disconnect, transformer 
and secondary circuit breakers all in one package. Nothing 
else to buy. Simplifies ordering. Delivered complete. Instal- 
lation time and cost reduced to an absolute minimum. No 
complicated assembly of separate parts. Gives neat appear- 
ance. Completely safe. No live components open to contact 
by personnel. Needs no fence. Use for incoming power up 
to 3000 kva. Or spot near load areas in large plants. 




















tial circuit breaker components are mounted on the breaker 
for easier access. Uniform flux density magnetic arc field means 
superior protection . . . especially against high current faults. 
For extra safety, breakers stop automatically in test position 
when they're rolled into the compartments. They can’t be 
moved into or out of connected position unless they’re open. 


600 volt value package. New URELITE® individually en- 
closed I-T-E K-LINE circuit breaker is ideal for single 
circuit protection and control, such as large motors and 
other heavy loads or for service entrance on many com- 
mercial-type buildings. Main disconnect contacts are visible 
through a side window for extra safety. Features quick- 
make closure, closed door disconnect, and expanded range 
trip device. Available in capacities from 15 to 1600 amp 
continuous, up to 75,000 amp interrupting. 





Economical primary switching. I-T-E power switch- 
ing centers save cost and time. Give dependable 
fused protection at low initial investment. Building 
block design speeds delivery. Preassembled units 
easy to install. Performance-proved I-T-E switches 
close safely into fault. Available for remote or 
automatic control. Up to 14.4 kv and 1200 amp 


Molded case economy .. . remote control luxury. 
Now I-T-E Corpon® circuit breakers are available 
with new TELEMAND* motor-operators for remote 
opening, closing or resetting. Gives pushbutton con- 
trol from a distance. Permits automatic operation. 
CORDON circuit breakers provide up to 100,000 amp 
interrupting capacity in roughly half the switch- 
board space required by alternative devices. They 
cost approximately 3 less. TELEMAND is available 
for the complete range of molded case circuit 
breakers from 70 to 800 amp. 





*Telemand is an I-T-E trademark 


1-T-E Circuit Breaker Company 
1900 Hamilton St., Philadelphia 30, Pa 


Secondary unit substations TRANFO-UNITS 
Metal-clad switchgear _] Power switching centers 
(4.16 and 13.8 kv) TELEMAND (motor- 


Primary unit substations operated molded 
circuit breakers) 
K-LINE LV switchgear 

Molded case (600 volt) 

circuit breakers 


URELITE circuit breakers 


Reclosers 
Distribution 
Outdoor air switches cutouts 


Metal-enclosed bus 
Other 


Name 

Company SEND COUPON 

Get complete, up-to-date infor- 
nation on I-T-E equipment. 


Street 


City Zone 


|-T-E CIRCUIT BREAKER COMPANY 





...installation easy at 


110 WILLIAM STREET BUILDING with 


REPUBLIC 


RIGID STEEL 


CONDUIT 


110 William Street Building, New York, New York 
Architect: Sylvan Biene, New York, New York x 
General Contractor: Irons & Reynolds ; ¥ te2In2 STE SSLCIT AME 
Electrical Contractor: Zweifel-Davis Company 4 a inf 48 


Bending was easy. Installation was easy. Because, 
Republic Rigid Steel Conduit offers highest degree 
of uniformity and ductility. 

Threads are clean, sharp, free-running. Welds 
[= are sound, smooth, strong. Surface is fully pro- 
et — A tected by a galvanized coating which will not 
ps eS peel, flake, or chip off under normal bending. 
: y High quality Republic Rigid Steel Conduit is 
h made of soft ductile steel, produced by the con- 
tinuous weld process. This process heats the steel 
to exact temperatures and immediately forms, 
welds, sizes it into a perfect tube. And Republic 
Rigid Steel Conduit meets rigid electrical codes 

and carries the UL Label of inspection. 


ae 


To learn more about Republic Rigid Steel 


e i p epublic repre ive. 
Republic Rigid Steel Conduit was used throughout the construc- Conduit, call — R P blic r Poeeennarrys Or, 


tion of the beautiful 32-story 110 William Street Building. Notice € write direct. 
smooth, wrinkle-free bends and unbroken galvanized surface. 


REPUBLIC STEEL CORPORATION 


REPUBLIC STEEL STEEL AND TUBES DIVISION 


DEPT. C-7764 


Ps 212 EAST 131st STREET, CLEVELAND 8, OHIO 
STEEL AND TUBES DIVISION I want to know more about Republic Rigid Steel Conduit. 
ic Please send additional information. 


Name PS NS 





Cleveland 8, Ohio 


Firm 


Address — 
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Bank Interest Item: 





New, Lower Brightness Lighting 
—by LITECONTROL 


Very efficient lighting at sensible 
first cost (and upkeep) is being ‘‘de- 
posited”’ at this branch bank. The de- 
sirable low brightness was achieved 
by LITECONTROL troffers which use 
the new Holophane 6010 concave 
acrylic plastic lens to excellent ad- 
vantage. You couldn't ask for more 


INSTALLATION: Lowell Five Cent Savings Bank 


North Chelmsford Branch 
North Chelmsford, Massachusetts 


ARCHITECT: Arthur Englund, Lowell, Massachusetts 
ELECTRICAL CONTRACTOR: J. M. Richards Company 





DISTRIBUTOR: Frank P. McCartin Company 
Lowell, Massachusetts 


FIXTURES: Litecontrol #1548-RS and #1524-RS 
troffers with Holophane #6010 
CONTROLENS* 


FIXTURE SPACING: 8’-0” on centers 
CEILING HEIGHT: 9’-5” 
INTENSITY: Average 55 Footcandles in Service 


Lowell, Massachusetts 








comfortable lighting. Four feet long, 
the lens is lightweight . . 
handle. . 


. easy to 
. shatterproof. 

The fixture has a removable hinged 
door, which may be installed to open 
from either side. A trigger catch per- 
mits simplified access. Maintenance 
and cleaning are easy indeed. 


Many branch banks (main ones 
too), stores, offices, hospitals, librar- 
ies can use lighting like this. It’s emi- 
nently practical. And inexpensive, 
too. Think of LiITECONTROL for your 
next job. 


*Reg. Holophane Company, Inc. 








=): 


LITECON TIROIL: 


fixtures 


KEEP UPKEEP DOWN 


LITECONTROL CORPORATION, 


36 Pleasant Street, Watertown 72, Massachusetts 


DESIGNERS. ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 


78 ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1959 





Diamond has all 


portable cords 


Red-D-Prene® Black Diamond Signal Yellow 


Neoprene Sheathed Rubber Sheathed Thermoplastic 


for hot, oily locations for general purpose use for all locations where heat 
is no problem 








Red-D-Prene for mill and plant use is designed with tough, oil, heat and 
flame resistant Type MD (Mill Duty) neoprene jacket in industrial red for ready identification. 


Black Diamond has durable rubber jacket protecting against alkalies, 


acids and moisture. Very flexible construction prevents kinking in service. 


Signal Yellow has a jacket of yellow thermoplastic that is quickly seen... clean 


to handle ... smooth sheath will not readily collect dirt. Easy to pull. 
DIiAMOnNno>D ts AtlS OQ A PRIME SUPPLiI 


DTW Small Diameter DTX® Non-Metallic Type SE Service @ 
Building Wire White Sheathed Cable Entrance Cable ~ bur vee UF os So Rage Re 


(Armored & unarmored) 


WIRE and Sahel Company 


Sycamore, Illinois 
WAREHOUSE: BIRMINGHAM, ALABAMA 
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Here is a complete and low-priced line of D-LUGS. These connectors 
are more compact and heavier in weight to insure cooler opera- 
tion under more severe loads, while being much easier to install. 
Only seven sizes accommodate from 14 SOL. to 1,000,000 CM. 


FEATURES: e Rugged construction 
e Made of high conductivity copper alloy 
e Suitable for all purposes 
e Variable, each connector takes wide range 
Exceptionally compact 
e Reusable 


Write for detailed information and prices! 


DOSSERT MFG. CORP. 


TECHNICAL 249 Huron Street, Brooklyn 22, N.Y. Representatives in all principal cities 


YEARS OF 


meinen tal IN CANADA: W. S. Gerrie & Assoc., Ltd., Toronto 
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WHY SPACE IS 


FRONT-PAGE NEWS 
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Compact Clark Relays control 72 circuits 
from panel area smaller than a newspaper 


Y of space exploration and 
space economy, it’s news—front page 
news— when you can get 72 separate, 
controlled circuits all on a panel no 
larger than 15” x 20”. 


Clark Controller, with the most com- 
plete and integrated line of control 
relays available today—convertible pole, 
latch, universal pole, and time delay — 
does it! And only Clark offers such a 
wide range of operation, so many con- 
tacts, in a panel area of such small size. 


Shown mounted here with the Clark 
Size 1, Type “CY” Starter are 10 com- 
pact Clark Relays which include four 
time delay contacts (two normally open, 
two normally closed), 52 instantaneous 
contacts (14 normally open, 14 nor- 


nally closed, and 24 convertible), plus 
16 latching contacts (all convertible). 


The same engineering leadership and 
superior workmanship that made Clark 
Controller the standard of quality for 
controls in heavy industry, is inherent 
in the broad line of Clark Relays for 
modern panels. 


The “modular construction” of all Clark 
“PM” Relays insures integrated uni- 
formity, compactness and flexibility. 


Functional alignment in mounting 


results in neater, more uniform panels 
and most efficient utilization of valuable 
space. And because “PM” relays are 
available in a wide variety of pole com- 
binations, providing up to 14 contacts 
on a single relay, you can control more 
circuits — save on relay requirements. 


For more information on the complete 
line of Clark “PM” Relays which is 
making space-saving headlines, con- 
tact your nearest Clark Controller sales 
office or distributor. Or, write direct to 
Clark Controller for free bulletins. 


aii CONTROLLER 


Everything Under Control * 1146 E. 152nd St.* Cleveland 10, Ohio 


U | { IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 





@aAD THE HELPING HAND ON EVERY WIRING 


for the easiest, best insulated 


crimp 
splice p. C i 
you've ever seen... 


eeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeee 


” CRIMP 
CONNECTORS 
(Patented) 


with the UNIQUE DIAPER WRAP INSULATOR 





Flash-proof all around the joint 
and between the wires, too! 


CHESS SESE ESSEC HE EEE TEESE ESE EEE E EEE 


“Wrap-Cap” Crimp Connectors give you perfect, 
prefabricated insulation on every joint, every 
time . . . the easy way. 


Actually Triple-Safe 


the crimp sleeve 
1, “Wrap-Cap” Insulators are virtually puncture-proof, with * ” 
extra-thick protection over wire ends. and the ‘*Wrap-Cap 


2. Deep skirt completely covers bare conductor —even if Just crimp the sleeve, 
wires are not stripped evenly. apply the “Wrap-Cap” 
Job's donel 
3, High-tensile cadmium-plated steel sleeve has greater 
gripping power—vibration-proof—pull-proof—with low 
electrical resistance. Listed as pressure cable con- 
nectors for general use (600 
V.) in branch circuit and fix- 
No Extra Tool Needed — just use IDEAL Elec- 7 ture wiring. 
tricians Pliers to provide a double- indented, 
double-strength crimp that holds for a life- 
time. 


If you are not now using IDEAL “Wrap- 
Caps”, why not find out right now how much 
better a crimp connector can be? Get a sup- 
ply today from your IDEAL Distributor— 
or mail the coupon for complete data. 


Sold through 
AMERICA'S LEADING DISTRIBUTORS 


in Canada: 
Irving Smith, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. 
1041E Park Avenue, Sycamore, Illinois 


Please send catalog data on IDEAL Crimp 
Connectors and Electricians Pliers. 


Name 





Company. 
Address. 


City. Zone__ State 


otabesidssdideuiniaineniiapabaneeanael 
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No plastic electrical tape 


remembers its job like 


REG, U.S. PAT. OFF. 


SCOTCH 
No. 33! | 


‘ 
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No plastic electrical tape stretches 
like “SCOTCH” No. 33—and has 
the built-in “memory” to recover 
with just the right tension to pull 
up snug and tight in the splice wrap- 

ping! This means “SCOTCH” No. 33 actually works 
with you in making smooth air-and-moisture-tight 
splice coverings. But remember, it’s not the genuine 
“SCOTCH” No. 33—the best general purpose tape for 
all uses—unless it has ‘“Scotty’s” plaid on the can and 
"No. 33” inside the red core. Ask your electrical dis- 
tributor about the full line of “SCOTCH” Brand Splic- 
ing materials, or write us for complete information. 


SCOTCH” AND THE PLAID DESIGN ARE REGISTERED TRADEMARKS 
OF 3M CO., ST. PAUL 6, MINN 


The price per splice is less... 
let us prove it! 


MINNESOTA MINING AND MANUFACTURING CO., 
St. Paul 6, Minn., Dept. CB-59 


All right!—show me! Send someone around to prove that the 
price per splice is less with “SCOTCH” No. 33! 


NAME 
COMPANY 
ADDRESS 
ZONE___STATE 


_— 


TMiienesora Jffinine ano ]ffanuracturinc company 


-- WHERE RESEARCH IS THE KEY TO TOMORROW 
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fully guaranteed 


USE UTICA and do the job with industry’s finest quality hand 
tools . . . the tools preferred throughout the telephone and 
electrical construction fields. Pliers and wrenches drop-forged for 
rugged durability! Induction hardened at points of greatest wear 
—for extra strength! And like all Utica hand tools, they are 
fully guaranteed. Utica Drop Forge & Tool Division, 
Keilsey-Hayes Co., Utica 4, New York. 


USE OTICA the tools the experts use f 


Halimark of Quality since 1895 
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FOR SAFETY’S SAKE 


BUY 


VACU-BREAK 


There’s a big difference in safety switches—a difference 
between maximum safety and halfway safety—low 
maintenance and excessive maintenance. These differ- 
ences are readily apparent when you look at the design 
and operation of the BullDog Vacu-Break Clampmatic* 
Safety Switch. 


THE VACU-BREAK: Contacts are housed inside compact 
arc chambers which have very little air space. When 
contacts are “broken” under load, arcs can’t build up 
because of the lack of oxygen. Pittirig and burning of 
the contacts are reduced to the absolute minimum. 
Maintenance is virtually eliminated. 


POSITIVE SWITCHING: For positive safety, the Vacu- 
Break switching mechanism does not rely on tricky 
toggles or springs to trigger the disconnect operation. 
The operating handle is directly connected to the con- 
tact heads by means of a sturdy metal rod. Push the 
handle ““OFF’’ and the switch is off! 


Vacu-Break heads are connected directly to the switch handle. No toggles 
or triggers . . . no tricky springs. No danger of switching failure, either. 
One of several exclusive BullDog Vacu-Break features that set the 
performance standards for the industry. 


_ ee VACU-BREAK HEAD 


+ CLAMPMATIC SPRING 


say _ ee 
~~ MOVABLE CONTACT S 


| 
LUC 


| 1, ae 
® STATIONARY LOAD SIDE JAW 


STATIONARY LINE SIDE JAW 


Close-up of Vacu-Break head shows movable contact slug inside the 
compact, oxygen-limiting arc chamber. Clampmatic spring assembly 
assures bolt-tight contact, speeds “break”. This combination guarantees 
positive, safe operation, long switch life. 





WITHSTAND 100,000 AMP FAULT CURRENT: Vacu-Break 
Clampmatic switches equipped with current-limiting 
type Amp-Traps** were subjected to 100,000 amp 
short circuit current. The switches were undamaged. 


Play it safe! Compare, recommend, buy . . . BullDog 
Vacu-Break Clampmatic Safety Switches. They cost 
no more than other switches . . . yet give you the 
maximum in safety and performance. 


*Vacu-Break and Clampmatic are registered trademarks of the BullDog 
Electric Products Division 


**Amp-Trap is a registered trademark of the Chase-Shawmut Division. 


i-T-E CIRCUIT BREAKER COMPANY 


[: BULLDOG ELECTRIC PRODUCTS DIVISION 
lis BOX 177 © DETROIT 32, MICHIGAN 


a conads: Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y, 





UP-RIGHT ANNOUNCES 


...telescoping aluminum work 
scop platform for overhead construction 
and spot maintenance 


—— 


Lightweight, rapidly assembled by 
one man. Extends instantly for reach- 
ing heights up to 30 ft. Telescopes 
for rolling under trusses and other 
obstacles. Adjustable legs for uneven 


floors or stairways. 
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Separates easily into 3 com- 
Rolis through doorways . . . only 29” ss 
wide, teleecapes sad folds foun. Bridges over auditorium seats. ponents for convenient stor 


age or transportation. 























WRITE TO P-RIGHT | 
UP-RIGHT SCAFFOLDS CAFFOLDS 


DEPT. 177 +1013 PARDEE ST., BERKELEY, CALIF. 9 r | 
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FOR SAFETY'’'S SAKE, BUY 
VACU-BREAK POWER PANELS 


Here are some basic facts why 
BullDog Power Panels with Vacu- 
Break* units are tops in safety and 
performance. Vacu-Break design 
minimizes destructive arcs because 
contacts are housed in compact 
chambers that extinguish the arcs 
immediately. Result: maximum 
safety . . . virtually no pitting or 
burning of contacts . . . minimum 
maintenance. Vacu-Break switch 
units are “quick-make, quick- 
break” with an interlocking safety 
mechanism. Contacts are directly 
attached to operating handle. No 
tricky toggles or springs. You get 
positive, safe switching always. And 
when the handle is in OFF position, 
you know the switch is off! 

The Clampmatic* design provides 
clamped-pressure switching con- 


*Vacu-Break and Clan 


reregistered trademarks of the Bull Dog Electric Products Division 


tacts to prevent overheating at these 
points. Needless heat-generating 
areas are eliminated because there 
are no hinged, current carrying 
parts . . . and all conductors are 
silvered. BullDog switches also 
withstand severe fault currents. In 
recent tests, standard BullDog 
switches with Amp-Traps** were 
subjected to a 100,000-amp short 
circuit current. They were un- 
damaged! 

For safety’s sake—and superior per- 
formance —specify BullDog Vacu- 
Break Power Panels. 


* 


; 
* 


Dangerous flash explosion occurs at instant of 
“break” in open knifeblade switch . . . causing 
blades to burn, pit, deteriorate. (This photograph 
and the one below are unretouched.) 





BullDog Vacu-Break chamber smothers arcs before 
they can cause damage. Both are 100-amp, 600-volt 
switches, operating under 90-ampere, 440-volt load 
with 40% to 50% power factor. 


BULLDOG ELECTRIC PRODUCTS DIVISION 
I-T-E CIRCUIT BREAKER COMPANY 
BOX 177 ¢ DETROIT 32, MICHIGAN 


® 
In Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y. 


**Amp-Trap isa registered trademark of the Chase-Shawmut Company. 





Reaching a new, high level in practical illumination, Sylvania Silver-White lamps 


deliver up to 22° 


NOW... LIFE-RECORDING BASES 
SAVE RECORD-KEEPING COSTS...EXCLUSIVE WITH 


Sylvania Ruggedized Mercury Lamps 


A scratch of a 
simple tool, such 
as a screwdriver, 

easily records the 

month and year 

when a Sylvania 

“* Ruggedized”"’ Mercury 

Lamp is installed. This simple 

built-in record-keeper eliminates expen- 

sive records and time...is an instant aid 

in figuring installation costs accurately. 

The recording base, however, is but 

only one reason to consider Sylvania 

“Ruggedized” 

your outdoor lighting needs as well as 
high-bay industrial installations. 

For example, Sylvania “‘Ruggedized” 

Mercury Lamps right now provide users 


Mercury Lamps for all of 


across thecovntry with all these important, 
exclusive, cost-reducing benefits: 


Increased lumen output. Recent phos- 
phor improvements boost the Silver-White 
Phosphor-Coated SH-1 lamp from 23,000 
lumens in 400 watts to 25,000 lumens—the 
most efficient commercial mercury lamp 
(62.5 lumens per watt) available today. 


9000 hours’ average usable life. Built 
for long life and high lumen maintenance, 
these lamps have increased from 7000 to 
9000 usable hours 


Ruggedized glass (PYREX brand bulbs) 
protects against moisture and condensation, 
moisture-laden or humid atmospheres, 
thermal shock. 


Ruggedized construction throughout. 
Arc tube supports are specifically designed 


6 more lumens than other types of color-improved Mercury lamps 


to resist and protect the lamp from destruc- 
tive shocks and vibrations. 


Guaranteed performance. Free exchange 
on any lamps which burn out during the 
first 1000 hours. 


A complete line of Ruggedized Lamps 
covers a range of 400-, 425-, 700- and 1000- 
watt sizes . Silver-White (Kolor-Keyed), 
Clear and Color-Improved types . . . 25,000 
to 62,000 lumens output. 


Let Sylvania’s staff of lighting engineers 
help evaluate your present and future light- 
ing requirements, without obligation. For 
information or literature, call your Sylvania 
representative or write: 


SYLVANIA LIGHTING PRODUCTS 
Dept. 9L-8305. 60 Boston St., Salem, Mass. 
In Canada: S) vania Electric (Canada) Ltd. 

P. O. Box 1190, Station “O,” Montreal 9 


WSYLVAN 1A 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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GET VACU-BREAK SAFETY IN 
BUS DUCT BY BULLDOG 


And here’s real built-in flexibility, too! 
Circuits plug in wherever needed with 
complete safety. 


BullDog Plug-in Duct provides open- 
ings on 20-inch centers on either side 
of the duct. To tap “live” power you 
simply insert Vacu-Break® bus plugs. 
As the picture shows, reinforced fin- 
gers on all plugs insure positive pres- 
sure contact. Exclusive Vacu-Break 
action safeguards circuits and _per- 
sonnel. The enclosed arc chamber 
limits the oxygen supply . . . actually 
starves the arc before it can explode 
and pit or burn contacts. (The Vacu- 
Break bus plug has six companion 
plugs to meet other applications. ) 


Plug-in Duct is powered by Lo-X 
feeder duct—together they form Bull- 
Dog’s integrated BUStribution® sys- 
tem. Both ducts are available in 
standardized and interchangeable 
straight sections, elbows, tees and 
crosses . . . can be installed sideways, 
on edge, vertically or horizontally. 
Protect clients against rewiring, down- 
time and costly production shutdowns! 
Specify Bus Duct by BullDog. 








ee 


Vacu-Break chamber, shown above, smothers arcs 
at instant of break before they can pit or burn con- 
tacts. Dangerous flash explosion occurs at instant 
of “break” in open knifeblade unit shown below. 


BULLDOG ELECTRIC PRODUCTS DIVISION 
I-T-E CIRCUIT BREAKER COMPANY 
BOX 177 ¢ DETROIT 32, MICHIGAN 


® 
In Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y. 
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Easily and economically installed, SCOPE conserves power, fuel and 
water, actually lengthens the life of associated operational equip- 
ment by tailoring ‘‘on"’ time to fit specific program requirements. 


SUBSIDIARY 


Now... from a recognized leader in the 
field of intricate timing devices and 
time control systems comes SCOPE 
(Stromberg Central Operations Panel— 
Electric). 


SCOPE controls remote equipment with- 
out special or additional system wiring. 


On a pre-determined schedule, SCOPE 
automatically controls the “on” and 
“off’’ operation of equipment in schools, 
offices, industrial plants, department 
stores and public buildings of all kinds. 
Thanks to such components as Strom- 
berg’s renowned Master Clock, Program 
Instruments and Electronic Transmit- 


ter, SCOPE can control up to 60 elec- 
tronic circuits. 


With the addition of auxiliary panels, 
it can control up to 160 circuits on one 
electronic frequency. 


Operating with four frequencies, a 
single SCOPE panel will control 640 
circuits. 


In any standard installation, SCOPE 
will “mastermind” the programmed op- 
erations of heating and air conditioning, 
lighting, clocks, audible signals, attend- 
ance recorders, time stamps, locks, 
pumps, valves and motors. 


A complete catalog—TIME AND SIGNAL EQUIPMENT—prepared especially 
for Architects and Engineers—is yours for the asking. 


TIME CORPORATION 


MAIN STREET, THOMASTON, CONNECTICUT 


OF GENERAL TIME CORPORATION 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


Sales & Service Offices throughout the U. S. A. 
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TAKE YOUR CHOICE... 
UNIVERSAL LIGHTING DUCT OFFERS 
5 METHODS OF SUSPENSION! 


You can solve virtually any lighting 
fixture placement problem with Bull- 
Dog Universal Lighting Duct. The 
prefabricated, standardized duct is 
amazingly easy to assemble and you 
have your choice of five different sus- 
pension methods for either the 20-amp 
or 50-amp ratings. One or a combina- 
tion of these methods will adapt to any 
structure . . . and meet any installation 
requirement quickly and economically. 


“ULD” is a continuous electrical out- 
let, with conductors running the entire 
length of the duct. Duct sections tele- 
scope together mechanically and 
electrically by a plain coupling. Light 


fixtures connect quickly by means of 
twist-out plugs which can be added or 
repositioned at any point. Plugs are 
available for direct fixture attachment 
or will take a standard attachment cap. 
The duct both feeds and supports fix- 
tures ... can be easily disassembled and 
relocated as lighting needs change. 


You'll find Universal Lighting Duct is 


less costly than installed pipe and wire. 
And if the lighting plan is altered during 
construction, “ULD” can be reposi- 
tioned without time-wasting “rewiring’’ 


On your next wiring job look into the 
economies of Universal Lighting Duct. 
You'll find it is the most efficient, eco- 
nomical and flexible lighting duct sys- 
tem available. “ULD” is U/L listed. 


BULLDOG ELECTRIC PRODUCTS DIVISION 


I-T-E CIRCUIT BREAKER COMPANY 
BOX 177 ¢ DETROIT 32, MICHIGAN 


® 
In Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y. 











Why Kaiser neoprene-jacketed 


cable was used in Lincoln 


Tunnel signal system 


SYNTHETIC 


REG. u. 5, pat. OFF 


The Lincoln Tunnel requires a myriad of signal 
lights to regulate traffic under all conditions. For 
this complex system of circuits the designers speci- 
fied multi-conductor cable manufactured by the 
Bristol Works of Kaiser Aluminum and Chemical 
Corporation. The cable is jacketed with Du Pont 
neoprene. 


The time-proven performance of neoprene led 
to its use in this installation. The designers wanted 
a flexible, easily installed cable with an abrasion- 
resisting jacket to protect the conductors against 
rough handling. And they wanted a jacket that 
would give long-term protection against deteriora- 
tion by exhaust fumes. They got what they wanted 
with neoprene. 


The results of countless installations prove you 
can be sure of lasting performance when you specify 
neoprene jacketing for wire and cable. For details, 
write to: E. 1. du Pont de Nemours & Co. (Inc.), 
Elastomer Chemicals Dept. EC-5, Wilmington 98, 
Delaware. 
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NEOPRENE 


HYPALON® 
RUBBER 


VITON™ 
ADIPRENE® 


Better Things for Better Living . . . through Chemistry 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1959 














ww” 


\) 
‘SSeeg aye 


> 


= 


*#ee8* 


S 
CTU 


a 


ie 


LTT 


NO TROUBLE CALLS WITH PUSHMATIC 


coil protection is standard in every breaker 


Protect branch circuits against high 
overloads and “flash-shorts” with Push- 
matic® magnetic coil action! BullDog, 


the first to offer this protection in 15- 
amp and 20-amp ratings seven years 
ago, builds this safeguard into every 
Pushmatic breaker. The solenoid (coil) 
—coupled with the thermal element— 
provides double circuit safety. Makes 
trouble calls a thing of the past. 


As you can see in the above picture the 
Pushmatic uses a multi-turn coil. High 
overloads or “flash-shorts” instantly set 
up a magnetic field in the coil—causing 
the metal plunger to trip the latch and 
break the circuit. BullDog Pushmatics 


provide not only maximum branch cir- 
cuit protection, but protect lamp and 
appliance cords, too! 


Small overloads are taken care of by 
the thermal-bimetal latch. An over- 
loaded circuit heats the bimetal causing 
the latch to curve and release. A built- 
in time delay prevents nuisance trip- 


ff 


ping in case of harmless overloads. 


Play it safe. Protect branch circuits with 
Pushmatic coil action! Each and every 
Pushmatic is rigidly tested to assure pre- 
cision operation. You'll find Pushmatic 
double protection pays off! Multi-turn 
coils are.standard in all Pushmatics— 
15 amperes through 50 amperes. 


BULLDOG ELECTRIC PRODUCTS DIVISION 
I-T-E CIRCUIT BREAKER COMPANY 
BOX 177 « DETROIT 32, MICHIGAN 


® 
In Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y. 


. 


~ 


ee 


‘ 
















J 
~~ 





= 
ie ae 


ra 
) 
PRERS Shy 
wal oper 


“Pape 





Unsurpassed 
Mechanical 
and 
tlectrical 


Lite 





NEW complete line of 
low voltage motor control 


Attractive enclosures of this new line of Size 
0 through 4 Allis-Chalmers control forecast 
quality ... modern engineering design assures 
it... performance tests confirm it. Millions 
of “‘life-test’”” operations attest to the functional 
quality in every detail — assure the ultimate 
in dependable performance and sure protec- 
tion for personnel, motors and machines. 


Contact block of glass-filled thermal-setting 
molding. Contacts of cadmium silver oxide, 
contact carrier of metal-reinforced molding, 
dual-voltage coils encapsulated in epoxy-resin 
— these are just a few of the superior mate- 
rials used to assure maximum operating de- 
pendability and long life. 


Accessibility — Modern design provides wide-open accessibility 
for fast and easy installation, modification, inspection and main- 
tenance. 


Flexibility — Flexible design permits making many modifications 
in the field with ease. Minimum parts requirements facilitate 
delivery from local stock. 

A complete line of low voltage control (Size 0 through 8) and 
high voltage control in all NEMA enclosures, plus engineered 
control systems. Your A-C distributor or representative will give 
you all the details. Or write Allis-Chalmers, General Products 
Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 














WVIFAOEN announces 


a new concept in home lighting 


to increase your sale of home lighting fixtures 


Now you can sell lighting... not just fixtures! 
Match your customers’ mode of living with the 
right lighting for every occasion . . . and gain more 
sales ... more profits. 

“the light idea’’ by Virden makes it possible. 
It matches lighting to today’s living patterns... 
creates the right lighting mood for every occasion 
... from overall illumination through accent and 
protective lighting. 

Our new 52-page, full color catalog explains 
*“‘the light idea” in detail, shows and tells how 


Vvirden LIGHTING 


to achieve it. In addition, it shows the complete 
new Virden line...new pulldowns, chandeliers, 
bullets...outdoor and garden lighting...in every 
decorator style. Truly the most brilliant collection 
in the industry. 

Ask your Virden distributor for your copy to- 
day. You'll find him listed in the Yellow Pages 
under ‘‘Lighting.”’ Or write to Virden Lighting, 
Dept. ECM, 5209 Euclid Ave- 
nue, Cleveland 3, Ohio. 


Find it Fast 
in The 








A Division of the John C. Virden Company * Cleveland 3, Ohio * In Canada, John C. Virden, Ltd., Toronto 16, Ontario 
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REMMIE...I NAILED THE MOUNTING 
BRACKET TO THE STUD AND =—— 
STAPLED THE #18/3 WIRE FROM 
THIS SWITCH LOCATION TO THE 
OUTLET BOX.MAN,WHAT ASNAP! 


ANOTHER ADVENTURE 
IN) LOW-VOLTAGE WIRING 
WITH 








ALEC TRISHUN | 
MISSING 
(_ “the MISS 
| TRANSFORMER 


—_— 





BUT,WHEN DO I RUN THE 
lf WIRES FROM THE 


YOU DON’T...NOT 
WITH REMCON 

















THAT'S SIMPLE...WITH ; 
REMCON, THE TRANSFORMER 
IS BUILT RIGHT INTO THE 


YOU MUST 
BE KIDDING... 
HOW COME, 











THE TRANSFORMER TO 
THE RELAY IS DONE 


THAT REALLY 


y SIMPLIFIES 


YOU GOT |7, ALEC... 
NOW //LL SHOW 
YOU HOW WE FINISH 

OFF THE JOB. 








“HERE'S HOW EASY IT IS. JUST PULL THE LOW-VOLTAGE 
WIRE FROM THE SWITCH LOCATION THROUGH THE 
KNOCKOUT IN THE OUTLET BOX. THEN CONNECT 
THEM TO THE COLOR CODED LOW-VOLTAGE WIRES 
FROM THE RELAY. EASY, NO?” 








EASY, YES! EVEN THE SWITCH IS COLOR CODED SO THAT 
MATCHING THE SWITCH LEG WIRE TO THE SWITCH 
TERMINALS ARE A SNAP. REMMIE, LOW-VOLTAGE 


WIRING THE REMACON WAy IS SO SIMPLE...IT 
DOESN'T LET YOU MAKE A MISTAKE! 




















TAKE AT/P FROM ME, 





AND FOR WIRING, YOU WORK 
WITH #18 WIRE INSTEAD OF 
ARMORED CABLE AND USE 
A MOUNTING BRACKET IN 
PLACE OF A SWITCH BOX 


> St 
= > 


>= 


\ / A GREAT WAy TO 


CUT WORK TIME “Say 
f AND MATERIAL COSTS. 





FELLERS...SWITCH TO 
REMCON. YOU'LL FIND ALL 
THE REASONS WHY BY 
WRITING FOR MY 
ELECTRICIANS 
MANUAL TO... 


* 
"*? REMCON 
AM A DIVISION OF 
\@ 


PYRAMID INSTRUMENT CORP-Dept. A2 
630 MERRICK RD. 
LYNBROOK, NEW YORK 
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DIRECT BURIAL OF TRIANGLE TRIOPRENE RR 


we 


= — 





99S 
Pi 8) 
> 


rs 


. 


. Nod 
DORKS FRKAD me 
ae 


* ya eo? 
eas 4 


4 


ee 
PERO 


KK 
a nee* 
er" v \ / 


Ik wouldn’t be a good practice to bury any RR cable 
directly in the earth where mechanical damage 
might cause an outage. BUT, in practically all other 
situations involving voltages up to 5000 volts, con- 
tractors and engineers are finding this versatile 
power and lighting cable pays off in installation 
savings and trouble-free service. 

Protected by a Trioprene sheath, Triangle’s 
special neoprene compound, RR Cable is flexible, 


J 
a 
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CABLE gives low-cost trouble-free systems 


lg 


lightweight and tough. It has good aging and heat 
resisting properties, and is designed to give long- 
time trouble-free service. It’s easier to handle, 
splice and terminate than metallic sheathed cable. 
Its first cost is less, and it requires neither conduit 
nor ductwork under most conditions. In addition to 
direct burial, RR is also suitable for aerial and duct 
installations. 


Find out more about this versatile power cable. 
Write for a copy of the Triangle RR Cable folder. 


Buy right—buy from your distributor 


TRIANGLE CONDUIT & CABLE CO., INC. 


NEW BRUNSWICK, NEW JERSEY 


“MAST Be Right 
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Smooth, comfortable illumination creates inviting 
appearance in store. Power-Lux installation provides 
over 200 footcandles using 12 Power Groove lamps. 


Large-area Power-Lux luminaire 
combines high photometric efficiency 
with attractive, modern appearance. 


Parabolic louvres distribute 60,000- 
lumen output for high-intensity, 
low - brightness illumination. 


Over 200 footcandles with Power Groove lamps 


New LP! Power-Lux luminaire for stores 
has been engineered for comfortable 
brightness using Power Groove lamps 


Power Groove lamps are ideal for lighting stores when 
used with the new Power-Lux luminaire just introduced 
by Lighting Products Inc. One economical LPI Power- 
Lux with Power Groove lamps does the job of three 
conventional fixtures with slimline lamps. This lowers 
the cost of lighting installations as well as the cost per 
delivered lumen 


The very high light output of Power Groove lamps 
is controlled by LPI’s exclusive parabolic louvres to pro- 
vide high footcandle levels with comfortable brightness. 


Power-Lux luminaires are available in a two-lamp 
model, 12 inches wide; and a four-lamp model, 36 inches 
wide. Both are offered in four- and eight-foot lengths. 
They are ideal for new stores as well as for raising 
lighting levels of existing commercial buildings. For 
re-lighting applications, Power-Lux luminaires can 
simply replace present fixtures to provide dramatic 
increases in illumination. Get complete data on this new 
luminaire — write today for LPI’s Power-Lux Bulletin. 


Lighting Products Inc. 


AS 


Highland Park, Illinois 


FLUORESCENT 
LIGHTING 














Completely 


Protection inside and out— 
including the threads. 


No place for corrosion to start. 
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pea 
Preafits oxidation— of TRIANGLE Hot-Dip Galvanized Rigid Steel Conduit 


prevents white rust 


EF 


ff 
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i 4 3] 
er . These two new features provide 
even more reasons why Triangle is 


the choice of contractors everywhere. 


Adding these two improvements in no way 
changes the other big features of Triangle’s Hot-Dip 
Galvanized Conduit: 
¢ Triangle’s ‘All-Metal’ Protec- ¢ High grade ductile steel. Can 
tion. No films or flash coat- be bent, cut and threaded 


ings to damage during easily. 
installation and later. 


¢ Uniformly heavy zinc depos- ¢ Zinc applied hot doesn’t flake 
its give full protection inside inside or out, even if the 
and out. conduit is crushed. 


When you have a tough job and the Code calls for galvanized 
conduit, make sure you get the best—specify Triangle. 


TRIANGLE CONDUIT & CABLE CO., INC. 


New Brunswick, New Jersey 


Assured by the Bichromate Process 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1959 





now you can specify 


ILVER PLATED 


in almost any size or shape 


Compare the cost savings of silver plated bus bar over copper 


COMPARISON OF RECTANGULAR SILVER PLATED ALUMINUM BUS BARS WITH UNPLATED COPPER BARS 








Approx. 
Cost per Foot 
Unplated 


Approx. Cost per Foot 
Silver Plated 
Aluminum 


60 Cycle AC 
Ampacity (1) 
(Current Carrying 


Aluminum Alloy 
6101-T62 Py ol 


Capacity) 30 C Rise 


6101-T62 Copper (2) 





385 %" x1" 
420 Kw" x 1%" 
925 % x 3” 
960 ux 


1350 wn" x 6° 
1405 %" x5" 











395 %" xt" 


970 VAs eM 


1485 yw" «5° 


$ .27 
$ .30 
$ .82 
$ .80 


$1.19 
$1.37 














(1) Ampacity ratings based on standard indoor conditions. 


Added strength, size and shape design advantages 
of Reynolds Aluminum Bus Bar have very little 
effect on electrical conductivity. For example, a cur- 
rent load of 700 amperes requires a copper bar 
2"x 4" weighing just under 2 pounds per foot; 
Reynolds Aluminum Bus Bar carries the same load 
with a 2.8" x4" bar weighing only 4/5 pounds per 
foot. The result is a 60% savings in weight. 

Other favorable properties of Reynolds Aluminum 
Bus Bar, compared with previous bus conductor 
materials, are an answer to electrical industry de- 


(2) Based on Feb. 6, 1959, copper prices 


mands. Consider a 4" x 4” aluminum bus 6101-T6 
with 29,000 psi tensile in relation to a \4” x 3” 
copper bus with 37,500 psi tensile and equal current 
capacity. With short circuit strength a direct func- 
tion of tensile strength, 4 times 29,000 psi for 
Reynolds Aluminum Bus Bar indicates short circuit 
strength in excess of copper at 37,500 psi times 3. 
In addition, the smaller temperature coefficient of 
resistance for Reynolds Aluminum Bus Bar tends to 
improve its current carrying capacity; and the skin- 
effect resistance ratio is much lower than for copper. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1959 





SAVER PLATED ALUMINUM 


REYNOLDS METALS COMPANY 





BUS BAR (8ts'sar 


from Reynolds 


Here’s a double story: design versatility plus 
silver plated bus bar economy. You can 
choose from Reynolds wide range of stand- 
ard extruded bus bar shapes and sizes to 
meet a specific installation need without 
specifying oversize conductors because of 
intermediate size limitations. In addition, 
Reynolds can extrude special shapes and 
sizes in practically unlimited range to meet 
your most exacting requirements. This ver- 
satility permits designing to the minimum 
amount of metal needed for the current 
carrying job. The result is material costs 
lower than any other bus conductor. 


And with Reynolds Silver Plated Bus Bar, 
you get a surface that permits higher oper- 
ating temperature with bolted joints; sim- 
plified soldering. Silver plated bar also offers 
savings of 35 to 50% over bare or plated 
copper conductors. Thus you get optimum 
strength, high conductivity, simplified in- 
stallations, design freedom—all at low cost. 





Many extruded shapes because of 
sharp corners and shadow areas are 
not readily adaptable to a high quality 
silver plating. Such sections are subject 
to special inquiry. 


REYNOLDS ALUMINUM 


Watch Reynolds TV show—“*WALT DISNEY PRESENTS" —every week on ABC-TV 


For details and availability data, 
write today for the new 
brochure, ‘“‘Reynolds Silver 
wus CONDUCTORS Plated Aluminum Bus 
Conductors’’, Reynolds Metals 
Sx Company, P. O. Box 2346-ET 
Richmond 18, Virginia. 
INDUSTRIAL PRODUCTS For assistance from Reynolds 
DEPARTMENT Engineering Service call your 
nearest Reynolds office or 








write to the above address. 


Bite aiiteiae waeleitiae. 


Made with Aluminum 


are made with 


REYNOLDS G3 ALUMINUM 


© tt rmOL0s metas COMPANT 
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e Safety Switches and e Fusible and Circuit Breaker ) e Voltage Testers 


Industrial Circuit Breakers Load Centers 


e Fusible and Circuit Breaker e Power Distribution Switchboards 
Lighting and Power Panelboards and Switchgear 


Wherever Electricit 


Bee om 


e Busways and Wireways 


ECaM e Special Purpose e Control Centers 
High Voltage and Control 
Synchronous Starters 


ID} SQUARE J) COMPANY 
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e A.C. Manual and Magnetic Starters 


e Drum Switches 1 Rel. ” 
e Control Relays o Tidblne Beles 


e Combination e Manual 
Starters Compensators 


e Float & Pressure Controls 
for Pumps & Compressors 


Lifting Magnets Magnetic Brakes 


FIELD ENGINEERING SERVICE 


available through Square D branch offices ECaM Explosion-Resisting 


in all principal United States cities ‘ 
...and in Canada, Mexico and England TOR ty Crane and Mill Control 


DESIGN LEADERSHIP FOR MORE THAN 50 YEARS 
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New Switchboard 


For 600-volt, maximum service, 50-100,000-ampere 
short circuit rating 


Standardization is the keynote in this new Type DR switchboard. 
Standardization provides greater flexibility, easier installation and 
more maintenance features than ever before—at lower total cost. 


Standardization, for example, enables the DR to incorporate any 
combination of seven protective devices—fusible or circuit breaker 
types—with complete interchangeability. 


Standardization allows units or whole sections to be added, inter- 
changed or removed—quickly, easily—in the field, as load condi- 
tions change, and with minimum time and effort. Pre-drilled, 
pre-formed modular framework and bus bars virtually eliminate 
the need for field drilling. 


For installation and maintenance ease, standardized, centrally 
located horizontal main busing leaves the top and bottom of the 
DR clear for busway or cable entrance. No braces or bars to inter- 
fere with wiring. All terminals are easily accessible. Ask for a copy 
of Bulletin GEA-6627. 


DR SWITCHBOARD EXTRA VALUE 
LO Ml ae 
allows ‘‘straight-in’’ wiring—opens 


ing space to speed installation 
are mounted on a strong, light-weight 


netic aluminum barrier which minimizes 


4 new ideas in power distrib 





New Busway 


ampere for ampere, the smallest, lightest, most efficient 
and rugged ever designed 


New Type DE busway is a totally enclosed plug-in busway with 
50,000-ampere short circuit capacity as standard. It is rated 225- 
1000 amperes, 600 volts maximum, 3 pole or 4 wire, 3 phase. New 
Type DE busway incorporates all 22 features that engineers, con- 
tractors and users say are important in busway design. 

DE, for example, installs with unmatched ease. It is up to 50% 
lighter and 30% smaller than other busways of comparable rating; 
approved for hanging on 10-foot centers in any position. Sections 
are electrically joined—quickly, simply—by means of a unique 
one-bolt, vise-like mechanism that maintains positive electrical con- 
tact between conductors with a ton of force. And DE’s miniaturized 
fittings virtually eliminate the need for custom engineering. 
Result: 30% average saving in installation cost and 10% over-all. 

For flexibility, twelve plug outlets come in each 10-foot length. 
For extra safety, each outlet is virtually dead-front and traveling 
arcs are essentially eliminated—thanks to Butyl insulation which 
is extruded over the full length of each bus bar, overhanging bus 
plug openings. Ask for a copy of Bulletin GEA-6173. 


DE BUSWAY EXTRA VALUE 


DE busway’s telescoping length allows one 
foot adjustment (between 36 and 48 inches), 
precluding need for exacting layout, custom 
engineering, or special fabrication 








See your G-E representative or distributor for complete 
information. You may also obtain complete information on 
this equipment by writing to General Electric Company, 
Distribution Assemblies Department, Plainville, Conn. 


‘ution offer more for the money 





New Control Center 


conserves space, costs less to install, saves money 
in operation 


New compact Type DA7093 Motor Control Center provides an 
economical, centralized control of A-C motors, up to 200 hp at 600 
volts (100 hp at 240 volts). 


Compared with individual motor control, initial equipment invest- 
ment with Type DA7093 is usually substantially lower. At the same 
time, the "93 affords convenient, economical plant operation and 
low maintenance. And when load requirements change, the ’93 is 
easily expanded to meet them with standardized plug-in control 
units in NEMA sizes 1 through 5. Other components, such as 
meters, instruments, relays and panelboards can be built-in to meet 
specific needs. 


Location of main buses at center of section allows wide, un- 
obstructed pull-box space at top and bottom for easy wiring. Bus 
bars are silver-plated for positive electrical contact and edgewise 
mounted for optimum short circuit strength. Standard main bus 
ratings are 600 or 1200 amperes. Bus bars are braced for fault 
levels of 25,000 or 50,000 amperes. Ask for Bulletin GEA-6367A. 


MOTOR CONTROL CENTER EXTRA VALUE 

Split Type B terminal blocks (circle) provided on 
each control unit permit quick, convenient removal 
of unit without disturbing load and control wiring 


~~ New Busway 


100-ampere plug-in design hailed as the 
“Wiring Method of Tomorrow” 


Now, a plug-in busway that costs no more installed—and usually 
substantially less—than wire and conduit! 


Or as a leading electrical contractor in Wilmington, Delaware, 
puts it: “With Type DH, I can save 25% over the cost of conduit 
and wire when there are four or more tap-offs in the system.” 


Type DH—rated 100 amperes, 3 pole or 4 wire, 3 phase, 600 
volts maximum—serves as either a feeder or plug-in system and 
may be used wherever exposed wire and conduit might be applied. 
Light, sturdy and small in size (in cross-section not much larger 
than a pack of king-sized cigarettes), DH may be hung edgewise on 
10-foot centers. Eighteen dead-front outlets are provided in each 
10-foot length. For added flexibility, each outlet accepts a variety of 
fusible, no-fuse and circuit breaker plugs. 


G-E distributors, nationwide, stock Type DH, including its wide 
variety of fittings and accessories. So DH matches wire and conduit 
in availability as well as cost. Ask for Bulletin GEA-6172. 


DH BUSWAY EXTRA VALUE 

Telescoping length adjusts between 42 an 
inches. This, plus flexible fittings, eliminates need 
for exact measurements. Rigid fittings—elbows 
crosses and tees—adapt busway to virtually any 
building cohtour 


GENERAL @@ ELECTRIC 





When you install 


be sure to use Killark 
the first and most complete all- 


MOTOR STARTER ENCLOSURES CIRCUIT BREAKER ENCLOSURES JUNCTION BOXES 


Explosion-Proof, Dust-Tight, Weatherproof Explosion-Proof, Dust-Tight, Weatherproof Explosion-Proof, Dust-Tight, Weatherproof 


; natn idl ' . 
‘ 
ee ee ee 
en £2 £8 CORR ERE LAS 


Starters and Combination Starters Furnished Complete with Breaker of Your Choice 
Made to Order 








TT More Than 40 Sizes Custom Hubs 
* — <3 


PANEL BOARDS ———— a — SS 2 INSTRUMENT BOXES 
Explosion-Proof, Dust-Tight, ENJOY THE Plus ADVANTAGES Explosion-Proof, Dust-Tight, 


Weatherproof Weatherproof 
OF A 100% ALUMINUM INSTALLATION! 


®@ Lightweightness. You save labor, cut transportation and 
handling charges. Aluminum weighs 3 as much as iron; 
one man can handle an all-aluminum installation which 
may have required two men when other metals are used. 























Ease of Installation. Aluminum conduit bends without 
collapsing, shapes up quickly. Killark fittings have clean Sc 
threads and plenty of wiring room—and are designed for oan Olt “en eae 

: “ Covers Available 
easy installation. 





Non-Sparking. An important safety factor in hazardous SPLICE BOX Explosion. 
areas. Proof 


Non-Rusting, Non-Corroding. Exclusive Killark aluminum 
fittings are long on life, short on maintenance. Smooth, 
bright, clear-through durability; they never rust and are 
more corrosive resistant than other types. 


Make your next installation an all aluminum one—aluminum 
conduit and 100%-aluminum Killark fittings. The best costs 
less in the long run. » — 


> 
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Completely Wired—Ready to Install Available 1 y,"—1 Vp am 2 
een 


with Various Hub Styles 
PULLING ELBOW 
Explosion-Proof FITTINGS Explosion-Proof 








Very Rugged Construction 
Various Sizes 


EW ae 


Vandeventer and Easton Aves. St. Lovis 13, Missouri 





4 & 
aluminum line! PxPLOSION-PROOF 


JUNCTION BOXES DUST-TIGHT FIXTURES 


Explosion-Proof 


wr 


‘ Available in a ‘ Available in 

= Pendant, Pendant, 4 Pendant, 
Bracket & Ceiling, Bracket & 
Screwcap Style Ceiling Types Bracket Types. Ceiling Types. 
Many Sizes—Custom Hubs 100W—150W—200W 60W to 500W. 


60W thru 500W, 
FLUSH SWITCH FITTINGS (Dy; > So oe 
Single thru 5-Gang A A + + SWITCHES—PILOT LIGHTS 


Deep sis, = Ss. AND ENJOY THE Completeness ree Re 
OF THE KILLARK LINE! — 


Whatever the installation, Killark can provide the correct 
aluminum fitting or fixture. That's because Killark has been 
supplying the electrical needs of contractors for over 45 
years. In 1942, Killark pioneered the use of aluminum and 
now manufactures exclusively the only complete line of 
aluminum fittings and fixtures. They cost no more than 
malleable iron fittings. 


























ENTRANCE FITTINGS There are thousands of fittings in the constantly expanding 
Threaded and Speedolet Types Killark line. Many years of research, design and develop- 
ment are your assurance of the finest aluminum fittings at 
the lowest possible cost. Fast delivery is assured through 
Ye" thru 6” convenient warehouse stocks in many cities. 


THE KILLARK ILLUSTRATED 
CATALOG IS YOURS ON REQUEST 


a 


























> ‘ Complete Line 
Explosion-Proof 
KILLARK REPRESENTATIVES and Weatherproof 
*Atlanta, Ga. Milwaukee, Wisc. 
Baltimore, Md. Minneapolis, Minn. 
*Boston, Mass. New York City, N. Y. 
*Buffalo, N. Y. Omaha, Neb. ee 
*Chicago, Ill. *Philadelphia, Pa. SPEEDOLETS 
*Cincinnati, Ohio *Phoenix, Ariz. 
*Cleveland, Ohio *Pittsburgh, Pa. 
*Dallas, Tex. Richmond, Va. 
*Denver, Col. *San Francisco, Calif. 
*Detroit, Mich. *Seattle, Wash. 
Kansas City, Mo. Honolulu, Hawaii 
*Los Angeles, Calif, 





CLUSTER LIGHTS 





Sales Offices and Warehouse Stocks throughout Canada 


150W to 500W. *Warehouse Stocks For Thinwall Conduit 
Versatile in Design All Sizes thru 2 
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Quickly installed aerial cable. Here's an 
application where 600-volt Durasheath was 
quickly installed and easily terminated. 
Durasheath’s neoprene jac ket resists weather, 
abrasion, heat, fumes. Assured: dependable 
performance and long-range economy! 


Factory-assembled aerial cable, made up of 
8 single-conductor 15-kv Durasheath cables. 
Easy splicing, tapping and terminating meant 
simplified installation in the job shown here. 
No ducts, crossarms or insulators were 
needed. Wiring is neat, safe. 


Direct-burial cable. The moisture-, oil-, and acid- 
resistance of Durasheath’s jacket makes it the 
ideal cable for direct-in-the-ground applications 
like the one shown above. Its flexibility cuts in- 
stallation time and cost because Durasheath is easy 
to handle. Its durability cuts maintenance costs! 


Look at the ways you can save instfal- 
lation time and cost—with dependable 
Anaconda Durasheath Cable! 


Wherever you want... whenever you want— 
this versatile power cable lets you install 
circuits fast... easily... at low cost! Use it 
aerially...in ducts... underground—in long 
runs with minimum splicing, indoors or out! 

















» * 
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Field-assembled aerial cable. Versatile Anaconda Durasheath power cable was quickly _ Installed in ducts. Durasheath’s flexibility meant 
field-assembled into aerial cable with the simple spinning operation shown here. Addi- quick and easy installation here. And once in- 
tional Durasheath was run along the building, grouped in a neat assembly by insula- stalled, its tough neoprene jacket assures long, 
tors and straps. It’s another example of the way dependable Anaconda Dur: sheath adapts _ trouble-free life. Because Durasheath adapts itself 
itself to your power cable needs—whether indoors, outdoors or both. Check into to so many uses, your inventory problems are less- 
Anaconda Durasheath power cable for your wiring plans! ened—fewer cables need be carried in stock! 





The installations shown above have one thing in 
common: they're all using Anaconda Durasheath* 
rubber-insulated neoprene- jacketed power cable 


—each for a different kind of application! Although 
the above photographs were t taken at different in- ANACONDA DURASHEATH ALL-PURPOSE POWER CABLE 


Available in all sizes, single and multiple conductor, copper or 


stallations, they could very well be pictures from aluminum. 600 to 15,000 volts and higher. 


one and the same job. V er satile Durasheath is a Insulation. Type RHW Anaconda ANW Anaconda Butyl 
AB) high-voltage or Anaconda Butyl (AHW) low-voltage 


power cable that can be used to meet almost any rubber compound. 


installation need! Jacket. Specially compounded neoprene with high resistance 
to flame, oil, acids, alkalies, sunlight and ozone. Has high ten 


Such ver satility i j 1 the use of Durasheath en- sile strc ngth. Takes flexing at extremes of tempe ratures 
ables you to plan ~ most efficient layout for your 


wiring — then carry these plans through econom- 
ically, with assurance of reliability. Talk to the gins SEE THE MAN FROM 


Man from Anaconda about Durasheath. For full 
information, write: Anaconda Wire & Cable Com- ‘ANACO Ni DA 
pany, 25 Broadway, New York 4, New seaeseil ~ FOR DURASHEATH CABLE 











*Trademark 
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Preface 


Most of the editorial content of this issue is devoted to a compre- 
hensive book-length project, “Modern Electrical Systems Design’’. 
It is, essentially, a manual of practical procedures for the design 
of electrical systems serving buildings and their surrounding facil- 
ities. It is especially prepared for the engineer and the contractor 
who must, in the course of his professional responsibility, interpret 
requirements for electrical utilization, control and communication 


= feasible, practical and detailed plans leading to actual construc- 
ion. 


An important feature of the project is a systematic and thor- 
ough correlation of the successive design procedures with the re- 
quirements of the National Electrical Code. Since practically all 
electrical wiring and installation in buildings in the United States 
must comply with the provisions of the NEC, or closely related 
local codes, code compliance is an essential, and often decisive, 
consideration at every step of practical system design. 


Emphasis is also given to current engineering practice and evi- 
dent trends to the exclusion of merely theoretical possibilities. The 
design and procedures outlined deal entirely with materials and 
equipments generally available through the conventional trade 
channels of the industry. Data involving voltage are based upon 
supply and circuit voltages in common use in the United States. 


In its original form “Modern Electrical Systems Design” appeared 
in our May 1956 issue. It promptly evoked a great many compli- 
mentary comments from our readers and in spite of a substantial 
over-run, the entire issue was sold out in a few weeks. It was sub- 
sequently published as a hard-cover book. Since that time it has 
had the benefit of many helpful and constructive comments and 
suggestions. This edition is an extensive revision including greatly 
expanded coverage in scope and detail of specific design problems. 


We are particularly proud to note that this project has been pro- 
duced entirely by our own editorial staff. While every member 
of the staff has contributed in some way, it has been written mainly 
by J. F. McPartland, Jr., with a special assist in two chapters from 
B. C. Cooper and W. J. Novak. All are experienced electrical engi- 
neers in daily contact with current activities in the field of electrical 
construction. The following pages are ample testimony to their 
protessional competence, as editors, and in the technology of the 
field they serve. 





























“If you need it, we have it!” 


Walk in to any Graybar counter and you'll find the lines 
complete. That’s mighty important when you want to move 
fast, or meet tough specs. 

You'll also find the wide range of electrical items that 
makes it practical to buy from one source . . . motors, con- 
trols, conduit, fittings, everything from the newest in light- 
ing fixtures to the wiring materials you need for the bread 
and butter jobs. There’s real technical help. Orders are 


Graybar Service includes: Objective rec- 
ommendations. On-the-job technic: ; help. 
Most complete lines. Planned stocks to meet 
your needs. Expert counter service. Speedy 
handling of will-calls. 


ELECTRIC COMPANY, 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. @ 


assembled fast. There’s even a phone handy — for your use. 

Moreover, the Graybar Counterman is but one of several 
well trained men on the Graybar electrical contractor serv- 
ice team. The others are: Inside Salesman, Field Salesman, 
Specialists. The job of all of them: to reduce your costs, 
speed your work, help build your business. 

Isn’t it about time you tried Graybar? Call us. See how 
fast we move for you. 917 


TraybaR 


INC. 


OFFICES IN OVER 130 PRINCIPAL CITIES 
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Considerations 


commercial and institutional buildings is a mat- 
ter of providing for the transfer of power from 
a source (or sources) to various utilization loads. 
This involves selection and layout of circuits to feed 
the loads, a distribution system to serve the circuits 
and suitable switching and protection arrangements 


§ nme stated, electrical design for industrial, 


for the iacoming power supply lines. This basic 
procedure can be reduced to three steps to design 
of any electrical system as follows: 

A. Select basic wiring concepts and configura- 
tions which will supply electrical power of the re- 
quired characteristics at each point of electrical 
utilization, including circuit and distribution de- 
signs which will provide satisfactory transfer of 
power from source to loads to meet prevailing re- 
quirements. 

B. Implement the electrical circuiting concepts 
with actual conductors, apparatus and hardware, 
selecting types, sizes, models, characteristics, ap- 
pearances, ratings and other specifics of the re- 
quired equipment. 

C. Account for the installation of the overall 
electrical system, as determined from the first two 
steps, within the physical dimensions and struc- 
tural makeup of a building, showing, as clearly as 
possible, locations and details of equipment mount- 
ings, raceway runs, connections to main power sup- 
ply lines and whatever elements require special 
attention. 

Of course, these three steps are necessarily in- 
terrelated, and particular decisions made within any 
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one step will affect corresponding elements within 
either or both of the other steps. 

As can be seen from the three steps, design of an 
electrical system is expressed in the form of elec- 
trical plans. All phases of a design, including de- 
sign of sub-systems within the major system, should 
be reduced to a set of blueprints which present sche- 
matic wiring diagrams, single-line diagrams, full- 
wiring hookups, riser diagrams, isometric and other 
sketches, detail drawings and equipment schedules 
—all as necessary to convey a clear picture of the 
system to the installer. 

But before the actual design work begins, there 
are many factors which must be considered and 
understood in their relation to the contemplated 
design of an electrical system. 


The Right Approach 


Successful electrical design for all types of mod- 
ern buildings depends first of all upon the right ap- 
proach. The electrical designer must be thoroughly 
familiar with all of the background factors of de- 
sign. He must, of course, have depth in engineering 
ability. But over and above this he must also fully 
understand the relation between pure technology in 
an electrical system and such considerations as safe 
application, capacity for load growth, flexibility in 
use of the system and effective layout. From such 
understanding, the right approach to electrical de- 
sign is inevitable. 

Then the right approach must be correlated with 
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modern standards. Because electrical design is a 
dynamic thing—the continually evolving product of 
years of accumulating technology—the electrical 
designer must learn the new techniques and follow 
the promising trends. Electrical design is not a 
mechanical procedure for merely filling in formula 
and adding parts together. It involves clear under- 
standing of old, accepted techniques and the reasons 
why those techniques survived the test of years of 


application. It requires combinations of old and 
new wiring techniques and the ability to devise orig- 
inal circuits and layouts for new or special equip- 
ment applications. In short, it demands that the 
designer be as dynamic as the art and science he 
practices. Only from an all-around grasp of the 
subject can a designer exercise judgment in selec- 
tion of circuit and feeder arrangements, equipment 
types and ratings and installation methods. 


System Characteristics 


In general, there are five basic considerations 
which should precede initiation of actual design 
work. These concern: 

1. Safety 

2. Capacity 

3. Flexibility 
4. Accessibility 
5. Reliability 

These are considerations involving use of the 
electrical system after it is completed. They recog- 
nize that a system must provide power and light 
without hazard to life or property, with sufficient 
extra capacity to meet foreseeable load growth, with 
ready adaptability to load modifications and revised 
layouts and with all necessary accessibility in the 
distribution arrangement. 


Safety 


Compliance with the provisions of the National 
Electrical Code can effectively minimize fire and 
accident hazards in any electrical design. The code 
(throughout this manual, the word “code” refers to 
the National Electrical Code) sets forth require- 
ments, recommendations and suggestions and con- 
stitutes a minimum standard for the framework 
of electrical design. As stated in its own introduc- 
tion, the code is concerned with the “practical 
safeguarding of persons and of buildings and their 
contents from hazards arising from the use of elec- 
tricity for light, heat, power, radio, signalling and 
for other purposes.” 

Although the code assures minimum safety pro- 
visions, actual design work must constantly con- 
sider safety as required by special types or condi- 
tions of electrical application. Incorporation of 
automatic protective devices and selection of con- 
trol equipment for particular applications involves 
engineering skill of the designer, above routine 
adherence to code requirements. Then, too, the de- 
signer must know the physical characteristics— 
application advantages and limitations—of the 
many materials he uses for enclosing, supporting, 
insulating, isolating and, in general, protecting 
electrical equipment. The task of safe application 
based on skill and experience is particularly impor- 
tant in hazardous locations. Safety is not auto- 
matically made a characteristic of a system by 
simply observing codes. Safety must ‘be designed 
into a system. 

The NE Code is recognized as a legal criterion 
of safe electrical design and installation. It is used 
in court litigation and by insurance companies as a 


basis for insuring buildings. Because the code is 
such an important instrument of safe design, it 
must be thoroughly understood by the electrical 
designer. He must be familiar with all sections of 
the code and should know the accepted interpreta- 
tions which have been placed on many specific rul- 
ings of the code. He should keep abreast of official 
interpretations which are issued by the NE Code 
committee. He should know the intent of code re- 
quirements—i.e., the spirit as well as the letter of 
each provision. He should keep informed on interim 
amendments to the code. And, most important, he 
should keep this code book handy and study it-often. 

In addition to the NE Code volume itself, the elec- 
trical designer should have on hand and be familiar 
with other standards and recommended practices 
made available in pamphlet form by the National 
Board of Fire Underwriters. These cover such spe- 
cial subjects as: Hospital Operating Rooms, 
Municipal Fire Alarm Systems, Garages, Aircraft 
Hangars and similar special applications with great 
potential hazards due to improper design. 

Every electrical designer must also be familiar 
with insurance company regulations and all local 
codes which affect a particular installation. He 
should know in detail where and how local codes 
depart from the NE Code. Again he must under- 
stand the basis for special provisions to assure most 
effective conformity throughout a system. Often, 
a local condition which requires special code rulings 
has a significant effect upon the entire design. 

Still another measure which a designer can take 
to enhance the safety characteristic of his work is 
regular use of literature issued by the Underwriters’ 
Laboratories, Inc. The UL examines, tests and 
determines the suitability of materials and equip- 
ment to be used according to code regulations. Each 
year, the UL publishes three volumes which are es- 
sential as references for electrical designers. These 
are listings of commercially available electrical 
products which have been found acceptable with 
reference to fire and accident hazards and in con- 
formity with the application and installation re- 
quirements of the code. The three volumes are en- 
titled as follows: 

1. “Electrical Construction Materials 

2. “Electrical Appliance and Utilization Equip- 
ment” 

3. “Hazardous Location Equipment” 

The UL also has other literature on special equip- 
ment involving hazard to life or property, such as 
“Gas and Oil Equipment” snd “Fire Protection 
Equipment.” 


” 
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Capacity 


In general, every electrical system should have 
sufficient capacity to serve the loads for which it is 
designed, plus spare capacity to meet anticipated 
growth in the load on the system. In particular, 
this means that conductors and raceways must be 
sized liberally for computed loads; substations, 
transformers and switching and protective devices 
must have the needed capacity and ratings. And 
spare capacity throughout the branch circuiting 
should be reflected back through the entire electrical 
system to the point of power supply. 

Allowance for load growth is probably the most 
neglected consideration in electrical design today. 
Although the code contains an almost obscure recom- 
mendation that electrical plans and specifications 
include “allowances for future increases in the use 
of electricity”, experience with current electrical 
modernization practice indicates that lack of spare 
capacity plagues existing systems. In all types of 
buildings, conduit risers are filled to capacity and 
the conductors in them are either loaded fully or 
overloaded. In most commercial and institutional 
buildings, the entire electrical system is at or near 
saturation—in branch circuits, feeders and service. 
And in the majority of these buildings, modern- 
ization of the existing electrical system to handle 
increased load demands is impeded by absence of 
space in which new risers and circuits might be run. 
It is obvious that overall design of these electrical 
systems did not account sufficiently for future load 
growth. 

Modern electrical design, therefore, must care- 
fully plan for future increase in electrical utiliza- 
tion. Depending upon the particular conditions in 
any installation, mains, switchgear, transformers, 
feeders, panelboards and circuits should be sized 
to handle considerable load growth. Conductors 
should be selected on the basis of carrying capacity, 
voltage drop and estimated future requirements. 
Conduit, wireways, troughs and other raceways 
should be sized to allow future increase in oc- 


cupancy. And space used to house electrical equip- 
ment—electric closets, switchgear rooms, substation 
cages, riser and pipe shafts, ete.—should also be 
able to accommodate the addition of more equip- 
ment at a later date. 


Flexibility 


Depending upon the type of building—industrial, 
commercial or institutional—the electrical system 
must be designed to provide required flexibility in 
distribution and circuiting. Layout and type of 
equipment should readily accommodate changes in 
locations of motors and other utilization devices. 
Feeders, distribution panelboards and circuits 
should be suited to a wide range of utilization pat- 
terns, allowing full and efficient use of power ca- 
pacity for activities in the building’s various areas. 


Accessibility 


Every electrical system should rate high in ac- 
cessibility. In its final form, design of the system 
must provide ease of access to equipment for main- 
tenance and repair and for any possible extensions, 
modifications or alterations in the system. The sys- 
tem of conductors, raceways and equipment must 
allow for full use of its power handling ability. 


Reliability 


Depending upon the nature of activities in a 
building, continuity of electrical supply and overall 
reliability of the wiring system itself can be a more 
or less important consideration. Where electrical 
utility companies have a good record of supply con- 
tinuity and temporary loss of power would not be a 
direct life or property hazard, special provisions for 
a separate emergency power supply are usually not 
necessary. But in many industrial plants, hospitals 
and buildings with essential equipment electrically 
powered, standby power plants or multiple services 
must be used for absolute reliability of supply. 


Pre-Design Factors 


Based on full recognition and appreciation of the 
foregoing system characteristics, electrical design 
for a specific building begins with analysis of the 
type of building, its loads and the source of supply. 
This involves careful determination of all usual and 
special electrical requirements for the type of build- 
ing. Consideration must be made of the activities 
performed in the building and the nature of electri- 
cal usage by the occupants. Whether the building is 
a school, an office building, an industrial plant, a 
hospital—the designer must know the history of 
electrical application in the type of building and 
must be well informed on current trends and 
practices. 


Nature of Building 


The general design approach to any contemplated 
electrical system takes into account characteristics 
of the building—small or large, single-story or 


multi-level industrial plant; high office building; 
apartment house; single- or multi-level school; hos- 
pital; etc.—as this gives insight to types of elec- 
trical utilization, need for flexibility, accessibility 
of the system and the duty cycles of various load 
devices. The many and varied considerations for 
hazardous locations also serve to give direction to 
design approach. From the general approach, the 
mind of the designer should have selected many 
design possibilities which suit the particular build- 
ing and have rejected all methods and techniques 
which are immediately not applicable. 

In general, planning for design of an electrical 
system should begin with determining and studying 
the size and nature of the total load to be served. 
This means approximation of lighting loads on the 
basis of watts/square foot, analysis of number and 
sizes of motors served in various areas of the build- 
ing and determination of amount of other utilization 
loads and their concentrations throughout the build- 
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ing. Full understanding of all loads—their values 
and points of application—is essential to selection 
of the best type of distribution system. 


Equipment Selection 


Maximum standardization in equipment type and 
ratings should always be a design objective. Selec- 
tion of standard supply voltage and standard values 
at all voltage levels is a significant economy factor 
in that standard rated transformers, switchgear, 
motors and other equipment cost less than special 
equipment for non-standard voltages. 

Lack of standardization in an electrical system 
complicates maintenance in that replacement parts 


Scie ete 


are not easy to get, inventory of parts end equip- 
ment is high and the efficiency of maintenance 
personnel is reduced. And the use of special, non- 
standard equipment and voltages may seriously im- 
pair expansion or alteration of the electrical system 
at a later date. 


Source of Supply 


Another preliminary consideration which funda- 
mentally affects design procedure involves the char- 
acteristics of the power supply which will serve the 
building’s electrical system. The power supply may 
be either the distribution system of the electric util- 
ity company or a private electric generating plant. 


Checklist of Design Details 


1. Lighting Loads 


>a -e29an0 TO 


. Sizes and types of luminaires 
. Layout of luminaires 


Circuits and wiring 


. Switching hookups 


Branch circuit panelboards 
Emergency lighting layouts 


. Special layouts—floodlighting, stage lighting, etc. 
- Layout and circuiting of plug outlets 


Power Loads 


. Sizes and types of motors, motor-operated devices and/or 


heating units 


. Layout of power loads and circuits 


Disconnect and controller equipment 


. Overcurrent devices: circuit-breakers, fuses, relays—for over- 


load and short-circuit or ground faults 


e. Motor control centers 


Power panelboards 


g. Emergency power provisions 


Distribution 


. Power and lighting panelboard loads 
. Sizes and types of feeders 
. Sub-distribution: panelboards, switchboards, overcurrent de- 


vices, disconnects, conductors 


. Load-center substations, transformer banks 
. Primary feeders, overcurrent devices, disconnects 
. Type of distribution system: radial, loop, secondary selective, 


primary selective, spot network 


. Service layout: sizes and types of service disconnect and 


protection equipment, 
arrangements 


switchgear, transformers, metering 


. Connections of system to source of electric power supply 


(service conductors—overhead, underground) 


Signalling and Communications 


. Telephones 


Intercom, paging, music distribution 
Clock and program systems 


. Alarm systems 


. Special 


ELECTRICAL CONSTRUCTION 


control systems: e.g., carrier freqency (wireless 


control) 
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following: 





—Primary distribution to load center substations. 

—Interlocked armor cable feeders rated for 5-kv or 15-kv cir- 
cuits. 

—Extensive use of 480-volt power and 277-volt fluorescent 
and/or mercury vapor lighting. 

—Busway and/or interlocked armor cable for secondary voltage 
feeders. 

Cables troughs and/or racks carrying suitably protected 
cables, for maximum system flexibility ahd accessibility. 
—Underfloor power ducts for flexible circuiting to machine 

loads throughout widespread plant areas. 
-Plug-in busway for ready tapping to power and light loads. 
—Careful attention to hazardous location installations. 


Varying with the particular type of industrial operation, electrical 
load density can run well over 20 watts per square foot. Typical 
modern elements of industrial electrical systems include the 


—Thoroughly engineered protection against system faults. 

—Adequate interrupting capacity in all devices which interrupt 
current flow—both control switching and protective equip- 
ment. 

—Coordinated application of short circuit and overload protec- 
tive devices to effectively isolate faulted sections of the sys- 
tem without interrupting service to other sections. 

—Modern switchgear—totally-enclosed, dead-front for max- 
imum safety; designed for easy maintenance. 

—High power factor operation with excellent regulation of 
voltage at all levels in the plant. 

—Use of high frequency (over 60 cps) electric energy for power 
applications and for maximum-efficiency fluorescent lighting. 


office buildings 


Typical load densities for modern office buildings can run over 


10 watts per square foot where electrical usage is at a maximum for 
light and power facilities. General area lighting may account for 
three or four watts per square foot; power loads, for four or more 
watts per square foot; and the balance of small machines and inci- 





dental loads, up to 2 watts per square foot. 


—Primary supply to two or more unit substations widely spaced 
vertically within the building. 
Adequate interrupting capacities and coordinated protection. 
Distribution at 480/277 volts, 3-phase, 4-wire for power and 
general area fluorescent lighting. 

—High frequency distribution system for high-level, high-effi- 
ciency fluorescent lighting. 

—Busway risers. 

—Aluminum conduit risers. 


—Step-down local transformers for 120/208-volt, 3-phase, 
4-wire supply to incandescent lighting and convenience re- 
ceptacle circuits. 

—Underfloor raceway systems for power, light, telephones and 
signals in large office areas with shifting loads or layouts. 
—Effective alarms, signals and communication facilities—fire 

alarms, burglar alarms, watchmen’s systems. 

—Remote-control switching 

—Carrier-frequency relay switching without control wires. 





A utility power system is the most common type 
of supply to buildings and plants. Purchase of 
energy usually represents decided economy over 
the cost of private generation of electric energy 
within the building or plant. Of course, there are 
certain cases, such as paper and pulp mills, in which 
requirements for large amounts of process steam 
make possible the use of excess steam for economi- 
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cal generation of energy. In such cases, the generat- 
ing plant may be operated independently of a utility 
supply to the building or in parallel with it. 

If the local generating plant operates independ- 
ently, part of the total electrical load may be con- 
nected to it and part to the utility system. Use of a 
generating plant in parallel with a utility supply 
must be checked with the utility company engineers. 
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schools 


Lighting loads for modern schools vary with the type and layout 
of buildings and the extent to which daylighting is utilized in class- 
rooms. Typical load densities range from 2 to 5 watts per square 
foot, depending upon type of lighting—incandescent or fluorescent 
—and luminaires used. Power loads may include air conditioning, 


electric heating, ventilation, compressors and elevators. 


—Distribution at 4160 volts (or higher where direct utility sup- 
ply requires) to two or more load centers in large-area, multi- 
building school layouts. 

—Use of 480/277-volt distribution for power and lighting loads. 

—flectric heating throughout school buildings for maximum 
comfort and effective climate control, minimizing maintenance 
and eliminating the hazards of combustible fuels. 

—Modern, high-level lighting with maximum visual comfort. 

—"Showcase” wiring and equipment application in laboratories 
and craft shops, providing integration in the teaching of 
electricity and its use. 





equipment. 





—Use of load center distribution where possible. 

—Careful provision for electrical supply continuity in case of 
failure of normal supply: two separate services, a special 
emergency service, an emergency standby power generator 
or standby dc supply for essential lighting and other essen- 
tial facilities. 

—Modern lighting throughout the hospital. 


—Modern gymnasium lighting, electric scoreboards, effective 
use of public address equipment. 

—Engineered lighting and power facilities for auditoriums, in- 
cluding programmed, dimmer control of stage lighting and 
house lights. 

—lIntercom and paging systems. 

—Closed-circuit television systems for instruction purposes. 

—Clock and bell program system. 

—Modern fire alarm system. 

—Vandal alarm system to protect school against vandals and 
other intruders during closed hours. 


hospitals 


Typical electrical demand for modern hospital facilities can range 
up to 3,000 watts per bed where maximum use is made of electrical 


—Engineered application of modern signal and communication 
equipment: call and register systems, paging systems, inter- 
com, closed circuit television, radio program distribution. 

—Modern wiring of laboratory facilities, X-ray equipment. 

—Careful compliance with all code requirements on wiring in 
operating rooms (ungrounded circuits and ground detector 
and alarm system) and in hazardous (anesthetizing) areas. 


shopping centers 


Lighting load densities vary widely for the different areas of 
shopping centers—from 3 to more than 10 watts per square foot. 
Actual figures depend upon the sizes and types of stores, the relative 
amounts of fluorescent and incandescent lighting, light used for 
decoration and the amount of outside lighting. Power load densi- 








ties depend upon the facilities selected. 


—Primary distribution to load center subs. 

—Use of 480/277 volts among and within buildings. 

—Use of contactors and split bus panelboards for time clock 
control of large blocks of sign, display and outdoor lighting. 


—Modern store lighting. 

—Music distribution, intercom and paging systems. 

—Modern parking lot lighting: fluorescent and/or mercury- 
vapor luminaires. 





If power is obtained from a utility line, the char- 
acteristics of the supply must be matched to the re- 
quirements of the building. Depending upon the 
voltage and capacity of the supply, one particular 
type of distribution is often best suited to carrying 
the electrical loads in the building. 

Purchase of power at utilization voltages indicates 
certain types of distribution; higher voltage serv- 


ices and primary supplies also indicate their own 
types of distribution systems within the building. 
When several different supply voltages are available, 
each should be appraised in relation to the various 
distribution methods which might be used. 
Consultation with the utility company about the 
relation between different services and interior dis- 
tribution systems should precede any decisions. 
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LAY OUT THE... 


BRANCH CIRCUITS 


tem extending beyond the final automatic 

overload protective device of the circuit. In 
its simplest form, it consists of two wires which 
carry current at a particular voltage from the 
point of the protective device to an electrical 
utilization device or devices. Although the branch 
circuit represents the last step in the transfer 
of power from the service to utilization devices, 
it is the starting point for modern design pro- 
cedure. First, the loads are circuited. Then the 
circuits are lumped on the feeders. Finally, the 
distribution system is powered. 

Effective branch circuit design is essential in any 
system to assure full convenience in the use of 
electrical loads. It is also essential to efficient op- 
eration of load devices. 

Although consideration of service and distribu- 
tion methods is usually emphasized in electrical 
design work, design of modern circuit arrange- 
ments is extremely important to.successful design 
of the overall electrical system. Thorough under- 
standing of the theory and application of modern 
circuit techniques is assured by a breakdown and 
careful analysis of the factors involved. 


A BRANCH circuit is that part of a wiring sys- 


120 


General Characteristics 


Design of branch circuits should take into ac- 
count all of the general considerations essential 
to providing for modern load requirements. These 
include capacity, regulation, accessibility, flexi- 
bility and safety. 

Each and every branch circuit—whether for 
power or lighting load, in commercial] or industrial 
buildings—should be sized for its load, with spare 
capacity added where possible load growth is in- 
dicated, where necessary to reduce heating in 
continuously operating circuits and/or for volt- 
age stability requirements. Design should also 
provide for economical addition of circuits to 
handle future loads. Regulation of each circuit 
must assure required power capacity at full utili- 
zation voltage at every circuit outlet. 

Accessibility and flexibility are two important 
characteristics of effective branch circuiting. In 
commercial and industrial buildings, shifting of 
load devices as a result of tenant changes, re- 
arranging of office layouts, changes in production 
schedules or relocation of production lines is 
common. Circuits in such areas must readily 
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accommodate these changes and must allow exten- 
sions. 

Safety provisions in branch circuits are, of 
course, essential. Adherence to the provisions 
of the code will assure basic safety. In providing 
circuits for special or unusual utilization devices 
or for devices not covered in the code, the designer 
must call upon his own engineering skill and 
perception in providing effective control, ground- 
ing and protection for maximum safety. 


Modern Circuiting 


In general, modern branch circuit design has 
developed from the trend toward high distribution 
voltages, incorporating the favorable economic 
and operating characteristics of load center lay- 
out. As a result, branch circuits are short runs 
from strategically located panelboards or trans- 
former load centers instead of long circuits from 
a central distribution panelboard. The high voltage 
is delivered to the load center where it is stepped 
to utilization levels. Or in the one-voltage system, 
the feeder is carried to the approximate physical 
center of a load concentration area before it is 
subdivided into branch circuits. The use of load 
centers and resulting short branch circuits pro- 
vides better-regulated voltage supplies to utiliza- 
tion devices and minimum circuit disturbances 
due to load changes. 

Modern electrical systems use four basic types 
of branch circuit systems to serve utilization volt- 
ages to light and power outlets. These are derived 
from the common secondary distribution systems, 
as follows: 


SINGLE-PHASE, 3-WIRE SYSTEM—This is a 
commonly used system in small apartment and 
commercial buildings. Both lighting and. single- 
phase motor loads can be served, although the 
system is limited to use only where motor loads 
do not exceed 5 hp. Two-wire, 240-volt branch 
circuits can be used for power loads; 3-wire, 
120/240-volt circuits for lighting outlets, split- 
wired duplex receptacles and some power devices 


Definition of a Branch Circuit 


Final short-circuit overcurrent 
: device protecting circuit 
Subfeeder ’ 





connected to 
branch circuits 
on load side of 
final overcurrent 
devices 











ervice overcurrent device 


BRANCH CIRCUIT— is that portion of a wiring system ex- 
tending beyond the final overcurrent device which is approved 
for use as branch circuit protection. Thermal cutouts or 
motor overload devices are not branch circuit protection. 
Rating of a branch circuit is determined by the rating 
or setting of the overcurrent device and not by the size of 
the conductors (which may be of higher capacity to reduce 
voltage drop and losses). 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


such as electric ranges; and 2-wire, 120-volt cir- 
cuits for lighting and receptacle outlets. 

3-PHASE, 4-WIRE WYE SYSTEM—This is the 
most widely used 3-phase secondary distribution 
system. The most common use of this configura- 
tion is the 120/208-volt, 3-phase 4-wire system 
with the neutral grounded. With this system, a 
variety of circuits is available: 4-wire, 120/208- 
volt circuits; 3-wire, 120/208-volt circuits; 3-wire, 
208-volt circuits; 2-wire, 208-volt circuits; and 
2-wire, 120-volt circuits. Such a system can serve 
a combination of power and lighting loads and 
offers flexibility for circuit layout and application 
of utilization equipment. 

Another 3-phase, 4-wire, wye connected system 
which has gained rapidly in acceptance and ap- 
plication is the 480/277-volt wye-connected sys- 
tem (also called 460/265-volt system, due to the 
voltage spread). Under certain conditions, this 
system offers more advantages and economy in 
commercial building applications than the 120, 
208-volt system. The system makes available three 
types of branch circuits: 480-volt, 3-phase for 
motor loads; 277-volt, single-phase for fluorescent 
or mercury vapor lighting; and 120-volt, 240-volt 
or 120/208-volt circuits from step-down trans- 
formers for receptacle circuits and miscellaneous 
loads. 

Still another 3-phase, 4-wire system which has 
found some application utilizes a wye connection 
of 240-volt transformer secondaries to give 240, 
416 volts. Phase to grounded neutral is 240 volts 
for connection of 240-volt fluorescent ballasts for 
general lighting. Phase-to-phase the system pro- 
vides 416 volts for motor loads. This system offers 
standard 10 to 1 transformation ratio for step- 
down from 4160/2400-volt wye or 2400-volt delta 
primaries (or from other primary voltages). It 
provides nearly the same copper and equipment 
economies as the 480/277-volt system, using stand- 
ard 250-volt wall switches. And it is claimed that 
connection of 440-volt motors on 416 volts im- 
proves the power factor of the load. 


3-PHASE, 3-WIRE SYSTEM—This is the com- 
mon delta-connected secondary system with phase- 
to-phase voltage of 240, 480 or 600 volts between 
each pair of phase conductors. This system is 
used where the motor load represents a large 
part of the total load. In some such systems, 3- 
phase, 3-wire circuits at 480 volts feed individual 
motor loads, with single- or 3-phase step-down 
transformers from 480 to 120 volts used to supply 
lighting and receptacle circuits. 


3-PHASE, 4-WIRE DELTA SYSTEM—This is a 
variation on the 3-phase, 3-wire delta system 
above. One of the transformer secondary wind- 
ings is center-tapped to derive a grounded con- 
ductor which is neutral to the 2-phase legs be- 
tween which it is connected. Motors are supplied 
at 240 volts, with single-phase 120-volt branch 
circuits taken from the grounded, center-tapped 
conductor and its associated phases. 

In some areas, electrical systems are supplied 
from two co-existing services—a 3-phase, 3-wire 
system for power loads and a separate 120/240- 
volt, single phase or 120/208-volt 3-phase 
grounded system for lighting and appliance loads. 
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Common Branch Circuit Configurations 

















For single-phase light and power branch circuits. 

















Transformer 
Ly 
120 volts 
Single~ phase, 4- wire tral r : 
. c 
120 volts 240 volts 
‘ ' 
tT — 
3-phase, 4-wire | 208 volts 
wye (or star) ee! 
with grounded 120 volts 
neutral rated 14 
120/208 volts | 208 volts 
120 volts | 











For 3-phase power circuits and single-phase light and 
power branch circuits. 
























Vy 01. 
3-phase, 4-wire | 480 volts 
wye (or star) 1. 

with grounded tral 277 volts 

neutral rated TT t 

480Y/277 or 

460Y/265 277 volts 480 volts 
depending upon | | 
voltage spread bi 





under local condifl 


For 3-phase power circuits and lighting circuits using 
277-volt ballasts. 120-volt lighting and receptacle loads 
are fed from this system through single-phase trans- 
formers rated 480/120-240 volts or 3-phase trans- 
formers rated 480/120-208 volts. 








SK , 
3-phase, (416 volts 
4-wire wye with ‘ 
grounded neutral 
rated 416 Y/240 T 

for 240 - volt : 
lighting and 440-§ 
volt power loads 


i 
7 sy 
ral 240 volts 











240 volts 416 volts 


: : oe | 








For 3-phase power circuits and lighting circuits using 
240-volt ballasts. 120-volt lighting and receptacle 
loads are fed by transformers rated 240/120 volts 
connected single-phase or 3-phase. 








3- phase, - 
3-wire delta 

for power loads 
with lighting 
circuits from 
transformers, or 
in Conjunction with 
G separate single- 
phase or 3-phase 
service for lighting 
circuits 















For 3-phase power circuits with lighting circuits at 
120/240 volts derived from single-phase transformers 
balanced over the phases or lighting circuits at 120/208 
volts derived from 3-phase 480-volt transformers. 








3-phase, 4-wire 
delta with one phase 
center tapped and 
grounded 

















For 3-phase power circuits and single-phase light and 
power branch circuits. 





NOTES: 


1. Other system configurations are commonly used to supply branch circuits, but they are derived from the basic systems shown. 
Particular local conditions and/or requirements for load balance throughout an overall system frequently dictate the use of less 


common derivations of branch circuits. Such arrangements include 120/208 3-wire feeds to branch circuit panelboards, open- 


delta 3-phase supply to light and power branch circuits and other special transformer hookups supplying branch circuit loads. 


2. Motor branch circuits may be served directly from high-voltage supplies. 








General Purpose Circuits 


Design of lighting layout for any commercial, 
institutional or industrial building includes de- 
termination of the required footcandle intensity 
of lighting, selection of the general type of 
lighting—incandescent, fluorescent, mercury va- 
por or some combination of these, number of 
lamps per luminaire, number of luminaires, types 
of luminaires, mounting details, wiring methods 
and other specifics covered in the section of this 
manual which describes lighting design. As a 
result of the lighting design for a particular 
area, a known value of required watts of circuit 
capacity is obtained. This value is used in de- 
termining the number of lighting circuits needed. 


Number of Circuits 


The number of branch circuits required to han- 
dle the general lighting load is based on the 
total load to be served, the layout of the lighting 
system and outlets, the amount of load to be 
placed on each circuit and the capacity of the cir- 
cuits to be used. According to the code, the 
number of circuits shall be not less than that 
determined from the total computed load and the 
capacity of the circuits to be used. However, 
where a branch circuit load will be in operation 
for long periods—such as general illumination 
in large office areas, offices, schools, hospitais, 
industrial plants and the like—the total load on 
each branch circuit shall not exceed 80% of the 
rating of the circuit. 

Although these code recommendations provide 
safety in the system, good design practice dictates 
even more limited loading of lighting branch cir- 
cuits to assure minimum voltage drop, efficient 
operation and spare capacity for increases in 
load. Loading of circuits to half capacity is a 
widely used and highly recommended practice. 

When fluorescent or mercury vapor lighting is 
used on branch circuits, the presence of the in- 
ductive effect of the ballast or transformer cre- 
ates a power factor consideration. Determina- 
tion of the load in such cases must be based 
on the total of the volt-ampere ratings of the 
units and not on the wattages of the lamps. The 
ballast nameplate current and voltage represent the 
total operating load of the lamp circuit. 

In many cases, where the conditions of occu- 
pancy cannot be established prior to completion 
of the building and renting of its space, determi- 
nation of required branch circuit capacity has to 
be made without a detailed lighting layout. Then, 
the number and types of circuits for general 
lighting may be based on a total wattage load 
obtained by using unit load densities in watts-per- 
square-foot. Typical modern unit loads for vari- 
ous buildings and specific areas are available. 
Such unit loads are based on achieving a given 
footcandle lighting intensity using equipment of 
average efficiency. Of course, known loads which 
exceed the loading indicated in these tables take 
precedence in design calculations. 


Lighting Outlets 


In commercial and institutional buildings, lay- 
out of the lighting outlets must conform to the 
general lighting plan, taking into consideration 
the required lighting result and the type and size 
of luminaires to be used. Location of lighting 
outlets will be determined accordingly. 

In general, spacing between adjacent outlets 
should not exceed the floor-to-ceiling distance. In 
industrial buildings, location and spacing of out- 
lets will vary with the work being done, the size 
and architectural features of the interior. De- 
pending upon these factors, more or less of the 
lighting load will be general lighting rather than 
local lighting. Again, location of lighting outlets 
must correspond to the lighting plan. 


Basic Data 


The framework of lighting and appliance branch 
circuit design is given in Article 210 of the code. 
As set forth in Section 2101, the scope of this 
article covers “branch circuits supplying lighting 
or appliance loads or combinations of such loads. 
If motors, or motor-operated appliances, are con- 
nected to any circuit supplying lighting or other 
appliance loads, the provisions of both this article 
and Article 430 shall apply. Article 430 shall apply 
if branch circuit supplies only motor loads.” Al- 
though Article 210 gives the general overall pro- 
visions for branch circuits, additional require- 


Types of Branch Circuits 
GENERAL PURPOSE BRANCH CIRCUIT 


Fuse or CB:~ —“\y A number of 

Rated-15, 20, et: Saget ON “ outlets for 

30 or 50 amps oOo oO ar tar lighting 
—— — — appliances 











\ Circuit voltage shall not exceed !50 volts to ground 
for circuits supplying lampholders, fixtures or recept 
acles of standard !5-amp rating. For fluorescent or 
mercury lighting under certain conditions, voltage to 
ground may be as high as 300 volts 


APPLIANCE BRANCH CIRCUIT (RECEPTACLE CIRCUITS) 


Fuse or CB:~—" ‘yr Two or more 
e See 4 | outlets to 
; Le aR which only 
é a ¢ appliances 
} are connected 


Rated -15, 20, 
Permanently connected / 


30 or 50 amps 

No voltage ——~* 
lighting fixture permitted 
only if part of an appliance 











limitation = 


INDIVIDUAL BRANCH CIRCUIT 








Fuse or CB:“—7\_-—— Supplies 


No size 
limitation 


‘ only one 
utilization 
equipment 





>= 
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Code Requirements for Lighting Circuits Operating at 277 Volts to Ground 








Approved for use in: 








t 
hs 
Nenyod 
Voltage to ground above 
150 volts but not more 
th It 
. Industrial Fi an 300 volts 
Establishments 





Mogul-base screw-shell 
lampholder 


Fluorescent lighting units 
ore limited to use on 


sas 15-or 20-amp circuits 
. Office Buildings 














. Schools | 
Electric discharge ~[-}-— Switch control shall not be 
amp ballast . AT integral part of fixture. 
~ Remote-control relay 
. Stores S switching may be used. 





























. Hotels Fluorescent or mercury 


vapor lamps 


A — Fixtures shall be permanently 
. Transportation installed 
Terminals 


Fixtures shall be mounted 
at least 8-O above floor 








ments and recommendations on branch circuits b. In industrial, commercial and institutional 
are given in other articles of the code covering occupancies, branch circuits serving only ballasts 
specific equipment, loads and systems. for mercury vapor or fluorescent lamps may be 
A branch circuit is rated according to the set- rated over 150 volts to ground, but not above 300 
ting or rating of the overcurrent device used to volts to ground, provided the ballasts are in per- 
protect the circuit. Branch circuits with more than manently installed fixtures mounted at least 8 ft 
one outlet may be rated at 15, 20, 30 or 50 amps. above the floor and the fixtures do not have man- 
Although the conductors used in a circuit may ual switch control as an integral part of them. 
have a current carrying capacity higher than the c. Certain electric railway applications utilize 
rating of the protective device, as in cases where higher circuit voltages. 
the size of conductors is increased to reduce volt- d. Infrared lamp industrial heating appliances 
age drop, the rating of the circuit is determined may be used on higher circuit voltages as allowed 
by the rating of the protective device. in Section 4237 of the code. The requirements for 
circuits serving electric heating devices are given 
Circuit Voltage in a later section of this manual. 
“In dwelling occupancies, the voltage between 
Voltage limitations for branch circuits are pre- conductors supplying lampholders of the screw- 
sented in Section 2113. In general, branch circuits shell type, receptacles, or appliances shall not ex- 
serving lampholders, fixtures or receptacles of ceed 150 volts, except that the voltage between 
the standard 15-amp or less rating are limited to a conductors supplying only (a) permanently con- 
maximum voltage rating of 150 volts to ground. nected appliances, or (b) portable appliances of 
Exceptions to this rule are as follows: more than 1,380 watts, or (c) portable motor-oper- 
a. In industrial occupancies, branch circuits ated appliances of one-quarter horsepower or 
supplying only mogul-base, screw-shell lamphold- greater rating may exceed 150 volts.” 
ers or other approved types of lampholders may be 
operated above 150 volts to ground, but not above Circuit Loading 
300 volts to ground, provided the lighting units 
are mounted at least 8 ft above the floor and do Code limitations on the use of branch circuits 
not have switch control within the unit itself. with two or more outlets are as follows: 
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15- and 20-amp branch circuits may serve light- 
ing units and/or appliances. The rating of any one 
portable appliance shall not exceed 80% of the 
branch circuit rating. Although fixed appliances 
may be connected to a circuit serving lighting 
units or portable appliances, provided the total 
rating of the fixed apnvliances does not exceed 
50% of the circuit rating, good design provides 
separate circuits for individual fixed appliances. 
In commercial and industrial buildings, separate 
circuits should be provided for lighting and sep- 
arate circuits for convenience receptacles. 

30-amp branch circuits may serve fixed lichting 
units (with heavy-duty tvpe lampholders) in other 
than dwelling occupancies or appliances in anv 
occupany. Anv individual portable appliance which 
draws more than 24 amps may not be connected 
to this type of circuit. 

50-amp branch circuits mav serve fixed lighting 
units (with heavy-duty type lampholders) in other 
than dwelling occupancies, fixed cooking appli- 
ances, fixed range and water heater, or infrared 
lamp industrial heating appliances. 

It should be noted that the requirement of 
heavy-duty type lampholders for lighting units on 
30- and 50-amp multi-outlet branch circuits ex- 
cludes the use of flucrescent lighting on these 
circuits. Mercurv vapor units with mogul holders 
may be used on these circuits provided tap con- 
ductor reauirements are satisfied. 

Reauirements for branch circuits for grouped 
loads are covered in Section 2127 of the National 
Electrical Code. As indicated. branch circuits for 
lighting are limited to a maximum loading of 50 
amps. Other limitations for general-purpose light- 
ing and appliance circuits are presented in Article 
210 of the code. Individual branch circuits may 
supply anv loads. Excepting motors, this means 
that an individual piece of equipment may be con- 
nected to a branch circuit which has sufficient 
carrying capacity in its conductors, is protected 
against current in excess of the capacity of the 
conductors and in excess of 150% of the rating of 
an individual appliance and supplies only the 
single outlet for the load device. 

Design of lighting and appliance branch cir- 
cuits for dwelling tvpe oecunancies (hotels and 
apartment houses) should be based on a minimum 
provision of one 20-amp, 2-wire, 120-volt circuit 
for each 500 sa ft of floor area. The number of 
circuits determined in this way will handle gen- 
eral illumination and convenience receptacles 
spaced (so no point is more thon 6 ft from a re- 
ceptacle) along the floor line in anv usable wall 
space of the living room, bedrooms, parlor, li- 
brary. den, sun room and recreation room. 

At least one 3-wire, 20-amp, 120/240- or 120/208- 
volt circuit shall be provided to serve the small 
appliance load in the kitchen, laundrv. pantry, 
dining room and breakfast room of dwelling occu- 
pancies. This 3-wire circuit can be split-wired to 
convenience receptacle outlets in these areas and 
must have no other outlets. Of course, two 2-wire, 
20-amp, 1J20-volt circuits are equivalent to the 
3-wire circuit and could be used. 

In apartment houses and hotel rooms, all re- 
ceptacle outlets rated 15-amp or less (excepting 
air conditioning outlets and those outlets on the 
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kitchen appliance circuits) are considered as 
outlets for general illumination and no additional 
branch circuit capacity has to be provided for 
such outlets. They are connected on the circuits 
designed to handle the general lighting load. 

In other occupancies, circuit capacity must be 
provided for all receptacle outlets and outlets 
serving loads separate from general illumination. 


Special Outlets 


For lighting other than general lighting, and for 
appliances other than motor-operated, circuit ca- 
pacity for each outlet must be provided as follows: 

For each outlet supplying a specific appliance 
or load device, circuit capacity equal to the amp 
rating of the appliance or device must be pro- 
vided. 

For each outlet supplying a heavy-duty lamp- 
holder, 5 amps of circuit capacity must be allowed. 


Loading of Multi-Outlet Circuits 


(For Type R, RH-RW, RHW, RU, RUW, T and TW Wires in Raceway 
or Cable) 


Receptucle rating 

I5-amp for |5-amp circuits 
5-or 20-amp for 20-amp 
circuits 


\ L 
a © gy 
f Cc No. |4 
fuse or CB tap wires 
~ » / 
No. 12 ~~ £ 


Any type lampholders 








conductors 3 

CAN SERVE: Lighting and/or 
appliances. Rating of any one 
portable appliance must not ex- 
ceed 80% of circuit rating. If both 
lighting and fixed appliances are 
supplied, total fixed appliance load 
must not exceed 50% of circuit 
rating 


Grounding not ~ 

always necessary 
| 

Incandescent, fluorescent 

or mercury vapor 





Inly heavy-duty lampholders 30-amp receptocles 


“\s 2 = 
4 4 
30-amp fuse No 14 
or CB tap wires 
! # 
7x 


/ CAN SERVE: Fixed lighting in 
other than dwelling occupan- 
cies, or appliances in any 
occupancy. Rating of any one 

portable appliance not to 
exceed 24 amps 








No 10 rs y 
conductors Incandescent or 


mercury vapor 





Only heavy-duty lampholders 


I 
5O-amp fuse No. !2 
or CB / tap wires 


4 
- 








Zz iC Fixed cooking appliances 
No.6 7 Fixed lighting in ) +o ' 


| 
other than or? (2) or fixed range ond 
dwelling | water heater 
occupancies 


conductors 


® or infrared lamp industrial 
heating appliances 
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For each other outlet, at least 1.5 amps must be 
allowed. 

When a circuit supplies only motor-operated de- 
vices, the provisions of Article 430 of the code 
must be taken into consideration. 

The above minimum load allowances for recep- 
tacle outlets and outlets for local lighting and 
appliances are modified for certain applications: 

Table 29 in Chapter 10 of the code establishes 
the basis for computing the required branch cir- 
cuit capacity for electric cooking appliances. 

For show-window lighting, 200 watts of load 
can be allowed for each linear foot of show-win- 
dow, measured along its base (instead of an allow- 
ance of the specified load per outlet). 

A capacity of 1.5 amps must be allowed for each 
5-ft or fraction thereof of each separate and con- 
tinuous length of fixed multi-outlet assemblies. 
Each such length is considered as one outlet of 
1.5-amp capacity. In those places where it is 
likely that a number of appliances will be used 
simultaneously, each 1 ft or fraction thereof is 
considered as an outlet and requires a load allow- 
ance of 1.5 amps. Allowances for multi-outlet 
assemblies do not apply to dwellings or guest 
rooms in hotels. 


Conductors and Ratings 


Although the code established No. 14 as the 
minimum size of wire to be used for branch cir- 
cuit wiring, good design practice dictates the use 
of No. 12 as the minimum size, protected at either 
15 or 20 amps. For electric ranges of 83? kw or 
more, No. 8 is the code minimum size, but No. 6 
is the recommended size to be used. In a 3-wire 


Selecting the Right Insulated Conductors 
for Branch Circuit Wiring 


. Size of conductors must provide sufficient current-carrying 
capacity for the load to be served. 

. Wires must be rated at least 25% greater than the load 
current when the load operates continuously over long 
periods, such as general lighting in commercial buildings. 

3. Conductors for individual motor circuits must be . rated 
at least 25% greater than motor full load current. 

4. Type of insulation on conductors must be suited to opera- 
tion at temperature of area in which it is used. 

5. Where ambient temperature exceeds 86 F (room tempera- 
ture maximum for which insulated conductors are rated in 
Table 1 of the NEC) the current-carrying capacities of 
conductors should be derated according to correction fac- 
tors at bottom of Table 1 (or Tables 2, la or 2a). 

6. Where more than three conductors are used in a raceway 
or cable, their current carrying capacities must be reduced 
to compensate for proximity heating effect in an enclosed 
group of closely placed conductors. 

7. Type of insulation must be suited to application in the 
given moisture content. Advantages and limitations related 
to the dryness or wetness of the area in which conductors 
are to be used must be considered. 

. Where load additions are likely, spare capacity should be 
included in circuit conductors. 

9. Size of conductors must keep voltage drop and power losses 
to a minimum. Modern design dictates a 1% voltage drop 

for branch circuits. 


rn 
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Common Branch Circuit Wires for Use in 
Raceway or Open Wiring 








(Also for Use as Feeders) 


Construction 








RH 


RHH 


RW 


Single rubber-insu- 
lated conductor with 
braided cotton cover- 
ing, rated at 60 C 
maximum operating 
temperature. 


Similar to type R, but 
has heat-resistant 
rubber _ insulation, 
rated for 75 C oper- 
ation. 

Similar to type RH, 
but has heat-resistant 
rubber insulation 
rated for 90 C oper- 
ation. 


Similar to type R, but 
has moisture-resistant 
rubber insulation, 
rated for 60 C oper- 
tion. 


For general use in dry 
locations. 


For general use in dry 
locations. Has highe: 
current-carrying capac- 
ity than type R. 


For general use in dry 
locations. Has same 
current-carrying capac- 
ity as type RH in sizes 
14, 12 and 10. Has 
higher current rating 
for larger size conduc- 
tors. 


For general use in dry 
or wet locations. Has 
same current capacity 
as type R. 


RH-RW 


RHW 


Combines types RH 
and RW; has heat- 
and moisture-resistant 
rubber insulation 
rated 75 C in dry 
locations and 60 C in 
wet locations. 


Similar to RH-RW, 
rated for 75 C oper- 
ation in all instalia- 
tions. 


For general use in dry 
or wet locations. In dry 
locations, has current 
capacity of type RH; 
in wet locations, has 
current capacity of 
type RW. 





type RH. 


For general use in dry 
or wet locations. Has 
current capacity of 














TW 


Single _ plastic-insu- 
lated (polyvinylchlo- 
ride) conductor; has 
high heat, moisture 
and corrosion resist- 
ance, rated for 60 C 
operation. 


For general use in dry 
or wet locations. Has 
smaller cross-sectional 
area than type R, but 
is held to the same 
conduit occupancy. Has 
same current capacity 
as type R. 


RU, RUH 
and RUW 


Latex rubber equiv- 
alents of types R, RH 
and RW. Tempera- 
ture ratings corre- 
spond. 
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Applications corre- 
spond to types R, RH 
and RW. 





AC and ACT 
(National 
Electrical 
Code, 
Article 334) 


ACV 
(NEC Art. 334) 


ACL 
(NEC Art. 334) 


Ground wire 


Common Cable Assemblies for Branch Circuit Wiring 
(Also for Use as Feeders) 


Construction 


Flexible metallic ar- 
mored cables. Rubber 
(AC) or thermoplastic 
(ACT) insulated con- 
ductors in wound and 
interlocked steel ar- 
mor covering, with 
bonding strip under 
armor. 


Flexible metallic ar- 
mored cable with var- 
nished cambric insu- 
lated conductors. 


Flexible metallic ar- 
mored cable with 
lead-covered conduc- 
tors. 


Application 


For general interior 
wiring, except in moist 
areas or in block walls 
below grade. 


For use exposed in dry 
locations in industrial 
areas. 


For use where exposed 
to weather or mois- 
ture, for underground 
runs, for embedding 
in masonry or concrete 
or where exposed to 
oil, gasoline or other 
deteriorating agents. 





(4d 
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NM 
(NEC Art. 336) 


NMC 
(NEC Art. 336) 


Non-metallic sheathed 
cable. Rubber or ther- 
moplastic insulated 
conductors, with or 
without separate 
grounding conductor, 
covered by heavy 
paper wrapping and 
strong braid. 


Same as type NM 
cable except that it 
has a corrosion-resist- 
ant outer covering of 
non-fibrous material, 
such as neoprene or 
thermoplastic. 


For interior wiring, ex- 
posed or concealed in 
dry locations. Must not 
be used exposed to 
corrosive fumes or va- 
pors or embedded in 
concrete, masonry, fill 
or plaster. 


For interior wiring, n 
same ways as type 
NM, except that it may 
be embedded in plas- 
ter or run in chase if a 
1/16 in. steel plate is 
provided for protec- 
tion against nails. 


Type 


Construction 


Application 

















MI 
(NEC Art. 330) 


Mineral-insulated, 
metal-sheathed cable. 
Conductors insulated 
by highly compressed 
refractory mineral ma- 
terial and enclosed in 
liquid-tight and gas- 
tight flexible metallic 
tube sheathing. 


14/2 TYPE UF _ 





14/3 TYPE UF 


For exposed or con- 
cealed use in dry or 
wet locations, under 
plastic, embedded in 
plaster finish on brick or 
other masonry, ex- 
posed to weather or 
moisture, underground 
runs, embedded in 
masonry, concrete or 
fill, in buildings in 
course of construction, 
or exposed to oil, gas- 
oline or other condi- 
tions not having a 
deteriorating effect on 
the metal sheath. 


_— 


SS 
i ” 





[UNDERGROUND FEEDER CABLE 9 Sa 





UF 
(NEC Art. 339) 


Underground feeder 
and branch circuit 
cable. Conductors 
may be plastic or 
rubber insulated, with 
an outer covering 
which is flame-retard- 
ant, moisture-resistant 
fungus-resistant, cor- 
rosion-resistant and 
suitable for direct 
burial in the earth, 


For use underground, 
directly buried in the 
earth, as branch circuit 
cable. Multi-conductor 
type UF cable may be 
used as NMC cable, 
and may be used in 
wet locations. 


single-phase branch circuit to an electric range, 
the neutral may be sized on the basis of 70% of 
the current-carrying capacity of the ungrounded 
conductors, although it may not be smaller than 
No. 10. 

According to the code, the rating or setting of 
overcurrent device in any branch circuit shall not 
exceed the current-carrying capacity of the circuit 
conductor. If a circuit serves only one appliance 
rated at 10 amps or more, the rating of the over- 
current device must not exceed 150% of appliance 
rating. 

Specific limitations are placed on outlet devices 
for branch circuits. Lampholders must not have a 
rating lower than the load to be served; and 
lampholders connected to circuits rated over 20 
amps must be heavy-duty type. Again, this has 


been interpreted to exclude the use of fluorescent 
luminaires on 30-amp and 50-amp circuits (unless 
the luminaires are individually protected). Re- 
ceptacles must have ratings at least equal to the 
load. On circuits having two or more outlets, 
receptacles shall be rated as follows: 

On 15-amp circuits—not over 15-amp rating. 

On 20-amp circuits—15- or 20-amp rating. 

On 30-amp circuits—30-amp rating. 

On 50-amp circuits—50-amp rating. 

The code notes the possibility of using both ac 
and de energy in a single building and requires 
the use of attachment plug caps which are not 
interchangeable between ac and dc receptacles. 

All of the foregoing constitutes minimum stand- 
ards for branch circuits. Actual design of circuit- 
ing begins with these requirements. 
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Design Approach 


Design standards for lighting and appliance 
circuits are aimed at providing convenience, flexi- 
bility, operating efficiency and reliability in using 
the available energy. To assure all the advantages 
of sufficient circuit capacity plus spare capacity 
for load growth, modern design practice dictates 
separation of loads into known, approximated and 
unknown loads. 

General illumination is a known load—whether 
derived from a detailed lighting layout, or devel- 
oped from a_ watts-per-square-foot calculation. 
Number, rating and layout of outlets for general 
illumination can easily and accurately be appor- 
tioned among a number of branch circuits. Such 
circuits can be carefully loaded with due regard to 
voltage drop, operating cycle, possible increase in 
lighting level in the future and required control. 

Depending upon the type of occupancy and how 
the interior is to be laid out from a work stand- 
point, outlets for local and/or special lighting 
units represent approximated loads. Such outlets 
are included in the overall lighting design, either 
as fixed unit loads or estimated plug-in loads. 
Outlets—either lampholders or plug receptacles— 
for such lighting units may be connected to gen- 
eral lighting circuits, provided with separate cir- 
cuiting or included in circuits allowed for plug 
receptacles. 

Design of branch circuits for plug receptacles 
requires careful determination of particular re- 
quirements. The type and size of occupancy and 
nature of the work performed there will indicate 
the best manner of handling plug-connected loads. 
For known appliances, individual or multi-outlet 
branch circuits should be used, depending on the 
size of the load represented. 

Automatic appliances should always be provided 
with separate circuits to isolate such appliances 
from the effects of faults or other disturbances in 
other load devices. Fans or heaters might be indi- 
vidually fed by branch circuits, grouped on their 
own branch circuits or connected to receptacles on 
general lighting circuits. 

Of course, the number of plug-in appliances in 
a particular area will greatly affect the circuiting. 
In general, plug-in devices should be supplied 
from receptacles on circuits other than general 


Code Definitions of “Location” 


Dry Location: A location not normally subject to dampness 
or wetness. A location classified as dry may be tempo- 
rarily subject to dampness or wetness, as in the case of 
a building under construction. 


Damp Location: A location subject to a moderate degree of 
moisture, such as some basements, some barns, some 
cold storage warehouses, and the like. 


Wet location: A location subject to saturation with water or 
other liquids, such as 
1. locations exposed to weather, 
2. locations like garage washrooms, 
3. underground installations, 
4. installations in concrete slabs or masonry in direct 
contact with the earth. 
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Circuit Load Calculations 
Branch Circuits—Lighting and Appliance 


Two-wire circuits at any power factor: 
Line current = 
volt-amperes of connected load (or watts at unity pf) 
; line voltage 
Three-wire circuits at any power factor: 


Single-phase—Apply same formula as for 2-wire branch 
circuit, considering each line to neutral separately. Use 
line-to-neutral voltage; result gives current in line con- 
ductors. 


Three-phase: Line current = 


volt-amperes of balanced 3-phase load 
line voltage x 1.732 


Electric Range Circuits 


Two-wire circuits: 


: total connected load (watts) 
Line current ; : 
line voltage 


Three-wire circuits: 


total connected load (watts) 
voltage between outside wires 


NOTE: The total connected load in the above formulas is the 
rated watts of range or other cooking appliances up to 1% 
kw. For units rated higher than 1% kw, Table 29 Chapter 10 
of the NE Code should be used to determine the maximum de- 
mand load. The demand load is then used above instead of 
the connected load in sizing the current-carrying capacity of 
the circuit conductors. Conductors smaller than No. 8 must 
not be used for circuits to ranges rated 8% kw or over, but 
the neutral in a 3-wire circuit to such a range need have only 
70% of the carrying capacity of the ungrounded conductors. 


Line current 


lighting circuits. In this way, the relative loading 
of circuits can be kept under better control, and 
spare capacity can be more realistically allowed. 


Circuit Standards 


Summarizing the recommendations made in 
foregoing discussion of code sections, the follow- 
ing are important standards for modern branch 
circuit design. Of course, in many cases, practical 
considerations such as size of area or type of 
load devices will require deviation from the letter 
of these standards. General standards for the ma- 
jority of applications, however, are as follows: 

@ Separate branch circuits should be provided 
for general lighting, for automatic appliances, for 
fixed appliances and for plug receptacles. Gener- 
ally, each automatic or fixed appliance should be 
served by an individual circuit. 

@ Branch circuits with more than one outlet 
supplying general lighting should not be loaded 
in excess of 50% of their carrying capacity. 

@ Branch circuits with more than one outlet 
supplying plug receptacles should not be loaded in 
excess of 50% of their carrying capacity. 

@Braneh circuits with more than one outlet 
supplying heavy-duty lampholders should not be 
loaded in excess of 50% of their carrying capacity. 
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@ Individual branch circuits should have spare 
capacity 20% in excess of their loads. 

@ At least one spare circuit should be allowed 
for each five circuits in use. 

@.The smallest wire size used in branch circuit- 
ing should be No. 12. 

@Size of wire to be used in a branch circuit 
home run should be at least one size larger than 
that computed from the loading when the distance 
from the overcurrent protective device to the first 
outlet is over 50 ft. 

@ When the distance from the overcurrent pro- 
tective device to the first plug outlet on a recep- 
tacle circuit is over 100 ft, the size of the circuit 
home run should not be less than No. 10 and may 
be larger depending upon the rating of the par- 
ticular circuit, the actual distance, voltage drop 
and the load conditions. 

@ Home runs on lighting circuits should be lim- 
ited to a maximum of 100 ft, unless the load on the 
circuit is so small that voltage drop between the 
overcurrent protective device and any outlet is 
under 1%. Careful layout of panelboard locations 
and use of sufficient number of panelboards will 
avoid this problem of long home runs. 


Plug Receptacles 


The number of plug outlets connected on a sin- 
gle circuit should be related to the amount of load 
likely to be connected to any one receptacle in a 
particular occupancy. When plug-connected loads 
are known, determination of the proper number of 
plug outlets is relatively easy. And the number of 
circuits required in such cases follows directly 
from the loads and circuit capacities. 

When plug-connected loads are not known, the 
type of occupancy will indicate the possible appli- 
ances to be provided for. If the possible appli- 
ances are relatively heavy-current devices, two or 
three outlets per circuit might be the maximum 


Distribution 


number to allow efficient and convenient use of 
the circuits. If the possible appliances are low- 
current devices, up to ten plug outlets may be 
connected on the circuit without the likelihood of 
overload. 

Of course, the possible number of appliances to 
be used in any area will also affect the design of 
receptacle circuits. When special requirements for 
receptacle circuits arise after tenants move into 
an area, the spare circuits in the panelboard and 
extra capacity in the existing system of raceways 
or underfloor system will offer solution to the need. 

Number of plug outlets required for different 
occupancies is not a matter of easy or standard 
calculation. The following are suggestions for re- 
ceptacle layouts in various areas: 

1. In office buildings, growing use of business 
machines dictates heavier load allowances for 
plug outlets. In separate offices of less than 400 
sq ft area, at least one plug outlet should be al- 
lowed for each 20 linear feet of wall space. In each 
office area of over 400 sq ft, five plug outlets 
should be allowed for the first 400 sq ft of floor 
area and two plug outlets for each additional 400 
sq ft of floor area or fraction thereof. The number 
of outlets obtained in this way should be evenly 
distributed throughout the area. 

2. In schoolrooms, common practice has been to 
provide at least one plug outlet on the front wall 
of the room and one on the rear wall. 

3. In stores, at least one plug outlet should be 
provided for each 400 sq ft of floor area or major 
fraction thereof. 

4. Plug outlets for industrial areas should be 
provided on the basis of particular conditions in 
each case. 

Branch circuit design must include provision 
for control of the circuits. Circuits supplying only 
plug outlets need not be controlled locally, al- 
though such control is often desirable and recom- 
mended. Control of branch circuits at the panel- 


for Plug Outlets 


Each 400-cycle 
120/208-volt circuit to 
receptacle consists of four 








400hp syn. motor 
tarter 
sesh 600v 400 ~ main 


dist. sw. bd 
1000-amp, 





500 mcm conductors in 
interlocked aluminum armor 
cable-run down wall from 
transformer 


3 No.4/0 interlocked 
armor cable on rack 
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aluminum buswoay, 2000. unfused sw 
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RECEPTACLE CIRCUITS in modern jet airplane hangar supply 
60-cycle and 400-cycle energy for servicing of planes in the 
hangar bays. The circuits are protected at their origins and 
at the receptacles. Aluminum interlocked armor cable was 
selected for the 400-cycle circuits because of the non-magnetic 


(C8) (C8 
ral ff 


Boy 


Bay'B" 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


ductors in 2°conduit, Circuit 
“is tapped from |000-amp 
busway on ceiling of second 
floor, through 200-amp 
safety sw. fused at 200 amps 
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~B and receptacle 
layouts identical 
at all bays 
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This minimizes self-induction and 
The armored cable was selected 
busway with aluminum enclosure and conductors in 
aluminum conduit because of its unusual flexibility for this 


application 


character of the armor 
consequent voltage drop. 
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Code Requirements for Ungrounded Circuits in Hospital Operating Rooms, Delivery Rooms and 
Rooms or Other Areas Used for Administering Combustible Anesthetics 


> 


Circuit breaker 
ponel 











Any ground 
on circuit 
will couse 
current flow 
through coil 
'S"in bridge 








perating coil P 
fo sound alarm 


Selenium bridge- 
type rectifier 














Coil"P" operates contacts "P 


CoilS" operates contacts "S 


TYPICAL GROUND INDICATOR 
IN ISOLATED SYSTEM UNDER 


NORMA CONDITIONS 
y, 


board is a common and satisfactory practice in 
many occupancies. But in most occupancies, local 
control should be provided for convenience and 
economy of operation. Switching may be done at 
the circuit voltage or by low-voltage relays. 





Layout on Plans 


Actual design procedure for lighting and appli- 
ance branch circuits involves working on a set of 
plans for the building. Such plans are usually 
available or can be made. The design work con- 
sists of using the foregoing information and what- 
ever other data is known in laying out the outlets, 
circuit runs and control legs. Of course, this step 
depends upon a decision having been made as to 
the general type of distribution and characteris- 
tics and voltage of the feeders from which the 
branch circuits will be supplied. The extent of 
plans required for notating the electrical design 
will depend upon the relative complexity and 
amount of the particular circuitry and the type of 
occupancy involved. 

The first step in circuit design is to indicate lo- 
cations of general lighting outlets on floor plans. 
This layout of general lighting outlets is part of 
overall lighting design. As follow-up to this first 
part of the work, the wattage of each outlet is de- 
termined, the total load is determined and the 
number of circuits is selected. Then the local or 
special lighting outlets are indicated. These in- 
clude: corridor lights, exit lights, entrance lights, 
washroom lights, closet lights, stockroom lights, 


130 


CIRCUITS WITHIN ANESTHETIZING LOCATIONS 


shall be ungrounded and supplied from an ungrounded distri- 
bution system which is isolated from other distribution systems 
by means of one or more transformers having no electrical 
connection between primary and secondary windings. 

shall be controlled by a switch having a disconnecting pole in 
each conductor. 

shall operate at not more than 300 volts between conductors. 
shall have an approved overcurrent device of proper rating in 
each conductor. 

shall be provided with an approved ground contact indicator. 


CIRCUITS SUPPLYING ISOLATING TRANSFORMERS 


shall operate at not more than 300 volts between conductors. 
shall be provided with proper overcurrent protection. 


ISOLATING TRANSFORMERS AND OVERCURRENT DEVICES 


shall be installed in non-hazardous locations. 


GROUND CONTACT INDICATOR IS REQUIRED, AND— 


shall respond if any conductor of the system becomes grounded. 
shall limit the leakage current to 2 ma should any conductor 
become grounded. 

shall include a green signal lamp conspicuously visible to per- 
sonnel in the anesthetizing location which shall remain lighted 
as long as no ground exists. 

shall include, adjacent to the green lamp, a red signal lamp and 
an audible alarm signal which will be energized should any 
ground occur On the system. 

shall not be installed within a hazardous area. 

should be tested at least weekly for proper operation by suc- 
cessively grounding each conductor of the system through a 
suitable meter or resistor. 


emergency lights and/or other known lighting 
outlet requirements. 

In the design of many commercial and industrial 
buildings, the specifics of lighting requirements 
may not be known until after it is known what 
type of work will be performed and tenants decide 
upon their working layout. In such cases, provi- 
sion of sufficient capacity and circuits in the 
panelboard is the initial limit of circuit design 
work. 

After laying out lighting outlets, the next usual 
step is to indicate convenience and special recep- 
tacle outlets on the plans. Depending upon the 
occupancy, receptacle circuits may be run in con- 
duit to wall-mounted or column-mounted outlet 
boxes, fed up from the floor slab or down from 
the ceiling, or the circuits may be run in under- 
floor raceway or a cellular metal floor system. 
These latter are the common ways of handling 
receptacle circuits in modern office and other com- 
mercial areas. When receptacles are wall-mounted 
they should be evenly spaced in accordance with 
the limit of maximum spacing between adjacent 
outlets. The underfloor systems offer more uni- 
form layout of receptacles throughout an area. 

The general construction of the building—archi- 
tectural features of the area, type of floor slab 
construction—will affect the way the circuits are 
run and the locations of outlets. On the basis of 
careful selection of the number and types of con- 
venience receptacles for general loads and special 
receptacles for known loads, layout of the outlets 
must conform to any known locations of load 
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Three Types of Underfloor Raceway Systems for Branch Circuits 


devices, allowing even spacing of convenience out- 
lets for general (unknown) plug-connected loads. 
Special attention should be given to receptacle 
circuits serving individual loads. Fan and clock 
outlets should also be determined on the basis of 
special analysis. 

From the indications of outlets and correspond- 
ing wattages on the plans, the number of circuits 
is the next determination. As discussed previously, 
circuiting to these outlets may be done in many 
ways. Combinations of general lighting, local 
lighting and appliance loads or motor loads can be 
connected to a single circuit if particular condi- 
tions require. But separate circuiting of load 


types, wherever possible, is recommended practice. 
Makeup and loading of circuits should follow 
previous recommendations. 


Voltage Drop 


In laying out circuits, the loading and lengths 
of home runs and runs between outlets must be 
related to voltage drop and the need for spare 
capacity in the circuit for possible future in- 
creases in load. Each lamp, appliance or other 
utilization device on the circuit was designed for 
best performance at a particular operating volt- 
age. Although such devices will operate at voltages 


Branch Circuit Voltage Drop and Current Capacities for 600-Volt, Type RH Conductors 





150 VOLTAGE DROP AND CAPACITIES 














60 cycle—single-phase, 2 or 3 wires in steel conduit (49° C temp.) 
Reference: Standard Hndbk. Elect. Engrs. 


GENERAL NOTES 
Curves are for a 1-volt drop and 90% P.F. 


For any other voltage drop, ratio ordinates. 
Capacities are for Type RH 600-volt insulation 


TYPICAL EXAMPLE 
Required: to carry 10 amps 100 ft with a maximum of 2 volts drop. 
What is the wire size? 
a. 100 ft for 2 volts drop is the same as 50 ft for 1 volt 
drop. (Convert to distance per volt.) 
b. Intersection of 10 amps and 50 ft is just about a No. 10 
wire, 
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Raceway Application 





Removable cover 
with gasket 


Conceaied 
slab trough oo cover 


Removable - 
cover ~— Cinder block wall 
up to trough 
Trough or wireway 
to panels 


AUXILIARY GUTTERS and various configurations of metal 
troughs can often simplify design of panelboard distribution 
centers for branch circuits. Typical example at left shows 
concealed trough set in floor slab to provide termination for 
branch circuit conduits run in slab. This open-bottom trough 
was mounted on deck forms during slab construction. The 
bottom section of trough was added after forms were removed. 
Connections between troughs and panel enclosure are made 
by steel raceway with interior partitions to group circuit con- 
ductors for each panel. Wireways are designed to conform 


on either side of the design value, there will be 
generally adverse effects due to operation at volt- 
ages lower than the specified value. 

A 1% drop in voltage to an incandescent lamp 
produces about a 3% decrease in light output; a 
10% voltage drop will decrease the output about 
30%. In heating devices of the resistance element 


3’and |" knockouts 
on 4 sides 


Removable 


2nd floor 
slab 


Slab trough 
" “ Ceiling trou 
3 and |" knockouts oe 

on top half 


Bottom of slab 


‘ 
; Plenum 


f 
Siob conduits Wireway 


up to trough 





\ 
Floor trough 


to NEC 3624, including cross-sectional fill and number of 
conductors in each section. This method was dictated by 
confined space at electrical centers under stairways. It 
eliminated stubbing down conduit home runs with the inherent 
nippling-out to panels. Crossovers of home run conduits in 
the slab were also eliminated. At right, method is adapted 
to special branch circuit center which separates lighting and 
receptacle circuits. Feeder trough keeps these conductors 
out of the panel gutters. Floor trough for slab conduits to re- 
ceptacles is raised to keep moisture out of conduits. 


type, voltage drop has a similar effect on heat out- 
put. In motor operated appliances, low voltage to 
the device will affect the starting and pull-out 
torque, and the current drawn from the line in- 
creases with drop in voltage. Heat rise in the motor 
windings will be above normal as a result. 

Of course, voltage drop in the conductors is due 


Two Basic Types of Magnetic Contactors 


Electrically-Held Type 


This is essentially a magnetic motor starter without the run- 
ning overioad relays. The coil must be continually energized 
to hold the contactor closed. De-energizing the coil opens 
the contactor. This type unit is used for motor starting equip- 
ment and for switching lighting and other loads on circuits 
of stable voltage. Because the contactor depends unon coil 
voltage to hold it closed, severe voltage fluctuations can 
drop out the contactor. This characteristic provides low-volt- 
age protection or release. 


Mechanically-Held Type 


This type of contactor has magnetic operating mechanisms to 
close the contactor by energizing a coil and to open the 
contactor by energizing a coil. Various coil hookups can 
be used. The contact assembly is mechanically held in 
the closed position after the closing coil is de-energized 
To open the contactor, the opening coil is energized to 
overcome the mechanical holding force. Energy is con- 
sumed only during opening or closing movement of the 
contacts. Closed unit holds on voltage dips. This type is 
commonly used for lighting control. 
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to resistance of the conductors plus, in ac circuits, 
reactance. And the heat developed by the dissipa- 
tion of power in the wiring, which itself costs 
money, deteriorates the conductor insulation. To 
prevent poor equipment performance and the other 
bad effects, branch circuit conductors must be sized 
to keep voltage drop in the circuit under 1%. 

Although the recommended 50% loading of cir- 
cuits offers substantial protection against exces- 
sive voltage drop, size of conductors for long runs 
should always be carefully determined to assure 
that the spare capacity provision has not been re- 
moved by the limit of voltage drop. For this reason, 
when the design intent is to use 50% loading to 
provide spare capacity in the circuit, conductors 
used in long runs should be sized for voltage drop 
on the basis of the maximum possible loading. 


Local switches for load devices and receptacles 
should be carefully indicated on the plans. The par- 
ticular requirements for local switching will also 
have an effect on the number of circuits required. 

Switching at the panelboard requires a separate 
circuit for each block of equipment to be switched 
separately. Such factors as distance from panel- 
board to lighting fixtures, partitioning of the area 


Type AC General Use Snap Switch 


In the Electrical Construction Materials List published by 
the Underwriters’ Laboratories and listing all materials which 
have been found by the Laboratories to be suitable for use 
under the National Electrical Code, the following definition 
appears in the section on snap switches: “AC general use 
snap switches (flush and surface types) are tested for con- 
trolling resistive, inductive (including fluorescent lamp) and 
tungsten-filament lamp loads (at 120 volts) up to the fuli 
current rating of the switch, and for motor loads up to 80% 
of the ampere rating of the switch.” 


of lighting coverage fed from the panelboard, need 
for 3- or 4-way switch control will determine the 
amount of local switching, the amount of panel- 
board switching and the number of circuits needed. 

Selection of switch locations on plans should be 
based on careful analysis of the conditions and re- 
quirements of the particular installation. Special 
control devices such as photoelectric cells, time 
switches and relays should be carefully designed 
into the overall branch circuit layout. 

One of the most popular types of modern branch 
circuit control is contactor switching. Magnetic 
contactors—electrically-held and mechanically-held 
types, depending upon the stability of control volt- 
age and such factors as coil hum and coil power 
drain—may be used in individual enclosures for con- 
trol of circuits or load devices. They may also be 
mounted in split-bus type panelboards for block con- 
trol of a section of the panel bus supplying a number 
of circuits. The operating coil of a contactor (or 
remote control switch, as it is also known) may be 
either manually or automatically switched. 


Design Elements of Contactor Circuits 


1. Voltage Supply to O ing Coil 


Lin 


Coil supplied from 
line at line voltage 


Holding contacts for use 
with momentary pushbutton 
station 


Mechanical operating 
we eee connection 
Coil supplied from 
separate control 
voltage source 


Operating coil 


Remote controi by toggle 
/ switch, pushbuttons or 


| = 
Coil supplied from built-in relay contacts 


control transformer 


2.Requirements for Control Conductors 


Conductors generally limited 
to minimum of No. !4 size, 
but No./8 or No. 16 may be 
used if installed in raceway 
or approved cable or flexible 
cord and protected at not 
more than 20 amps 


Number of conductors limited in raceway in accordance 
with code Tables 4 and 9, Chapter 10. 


Control conductors do not have to be de-rated according to 
number in raceway. 


When control conductors are run ian raceway with power 
and light conductors, all conductors must be de-rated in 
accordance with note 4 following Tables 1 and 2, Chapter 
10, NEC—determining the de-rating factor on the basis of 
the number of power and light conductors only. 


Conductors for two or more remote control circuits may be 
run in the same raceway—ac and/or dc circuits—if all 
conductors are insulated for the maximum voltage of any 
conductor in the raceway. 


3. Overcurrent Protection of Control Circuit 


Feeder or branch circuit 
protective devices — not 
time -lag type — rated 
less than five times 
current rating of the 
control conductors 


Mechanically-held contactor 
(remote control switch) 


~ 


Line 


Neutral 





pening and 


Overcurrent protection “ mlosing coll 


not required for above 
condition of circuit 
protection 


— Remote 
momentary-contact 
control station 


Protection of contactor remote-control conductors must fol- 
low Section 2403-g. As shown above, separate protection of 
the control conductors is not required under the given condi- 
tions. If the stated requirements were not satisfied, a fuse or 
circuit breaker would have to be inserted in the control circuit 
tap from the operating coil to the hot line conductor. And if 
the control circuit were energized from two hot conductors, 
both taps would have to be protected. Control circuit could 
have been derived from a separate source instead of the line 
side of the remote control switch. 
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Major Considerations in Circuit Design for Contactor Control 





1. Size of feeder from bus plug switch to main 
contactor is based on total volt-amperes of 
fluorescent lighting load at 100% demand. 





2. Additional feeder capacity is included for 
load growth. 


3. Further upsizing of feeder conductors keeps 
voltage drop under 1% from service to branch 
circuit panelboard and reduces the heating effect 
of continuous load operation. 


in conduit 


Waa 


to remote control 


OR LO Nt 
MANUFACTURING AREA 


To bus plug switch 


Control conductors 











4. Main contactor is sized to match feeder ca- 


pacity. —-— oo — 
5. Lighting panelboard is rated for the total 
feeder capacity. 


6. Branch circuit protection consists of 20-amp, 
3-pole CB’s for multi-wire branch circuits (NEC 
Sec. 2111) to 277-volt fluorescent ballast. 


7. Individual branch circuit contactors are 3-pole, 
30-amp remote-control switches connected in the 
lighting panelboard on the load side of the 


= a 


branch CB's. 

8. Each branch circuit is loaded to 50% of its 
capacity. (80% loading is the NEC maximum for 
continuously operating circuits). 


ee 


Office 
_vlighting 
Main contactor _~ panelboard 
=f A 
Ray < sina or" 
panel (office lighting) )} “Ty contactors — = SARA jo contactor No.7 
zerrre SCALIA Eee biele\s se ele 8.0 eeeoee : 
To contactor No. 3- s5 *S 
y a 
Si a - oo} os 





SSS 55 























To ¥ + 
contactor To | 
No.4 es =n 
x f m 
4 > 


—-- -—— 








OFFICE LIGHTING of continuous row fluorescent luminaires 
is circuited from a remote control contactor panelboard which 
is outside the office area, on the wall of the adjoining manu- 
facturing area. The special panelboard is fed by conductors 
tapped from a busway plug switch, as indicated. The panel 


is equipped with a main contactor which switches the supply 
to the panel mains. Each branch circuit consists of a branch 
CB and a remote control contactor. All control circuits are 
carried in conduits to a control panel on the wall at one end 
of the office area. 


Central Control System for Operation of Widespread Contactors 


Switching Lighting Branch Circuits 





TYPES OF CONTACTORS 
USED IN THIS SYSTEM 


Type I- 

Electrically- operated, 
mechanically-held, 6(0-amp 
250-volt ac contactor, 
with | NO contact and with 
208-volt operating coil 


Type I - 
The same as Type! but 
with 2 NO contacts 


Type I- 
Electrically-operated, 
electrically -held, 

NEMA Size 4,600-volt 
contactor, with 480/120 
volt control transformer 


and !20-volt. operating coi 


Astronomical timer in plants protection office 
operates "ON" and "OFF" control circuits of 
contactors at preset times of day. Can be 
over-ridden by master manual pushbutton 
control. 








Control voltage 
208 volts A 
7,2 No.8-3C.to 35A 
2P in LP 


To L.P 
I-25A.1P. A.C.B 


Master manual! contro! from 
































3 push-button station in plant's 
ay p . ‘ protection office 
3% 
2-25 A : yo No.8-3 C. re 
IP. ACB!s wae a 
\ / to L.P. 











2-254. IP. 
AC.B’s 




















I-25A. IP 
Type I Type 1 tate ACB. Type I 
contactor contactor ype Type I contactor 


nt f 
contacto contactor 


To floodlights and To floodlights 


obstruction light 


To parking lot 


: To floodlights and 
floodlights 


obstruction light 


/ 





oe 
Contactors spread throughout the plant are 
fed from different panelboards and supply 
widespread loads as shown. 
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Low-Voltage (24 Volts) Relay Switching of 277-Volt Fluorescent Luminaires 


Conduit to other 
fixtures and 
lighting pane 


Concrete boxes 
with extensions, 





4 low-voltage 
||| cables to. switches Deastadior 





Fixture B 
mounted on 


hung ceiling 
Hollow meta! 


partition post— 


Switch A 


/ 2 low-voltage 
conductors to 





fr. “Eat te | 
! 
! 


rm i i 


“i-| -|-4 277-volt circuit ~ 
Fixture A Relay A to other fixtures 


and lighting panels 
\ : 



































| 2-% low- voltage 
iC 


7 

2 low-voltage con- 
ductors to other relays 
and transformer 








! 
| 
! ables to switches 

| os 

\ He Switch A Relay B 

ae Switch B Fixture B 
}. =a 




















Circuit Diagram of Switching Operations by |O-Amp, 
277-Volt Latching Relays 


Switch B LOW-VOLTAGE SWITCHING—using relays with coils rated between 6 and 
24 volts—offers modern control advantages in commercial, institutional 
and residential buildings. Such systems are most effective where multi- 
point control is required for individual lighting fixtures or small groups of 
fixtures, where frequent switching is needed or where flexibility is impor- 


Cross-Section of Equipment Layout tant. 


Remote Control Switching for Large-Block 
Control of Lighting 


4 No. |2’s 
3/47 in. \ 


30-A, 3-P \ 
Remote 

control switch 
(mechanically- 
held contactor) 


480/277-v, 30, 4w 


a 


Maximum allowable 

length of control run 

must not be exceeded 

Consult manufacturers 

data for given voltage of 

control cir ; 

control circu Ne eaattl 
ie 


) 


N 





7 


circuit in} 
conduit 





Soe ape 
30, 4w circuit to lighting 
load of industrial type 
fluorescent luminaires 


May be momentary or Beir 
maintained contact Contro! button 
type switch when con- station 
tactor provides for - 

nternal' break of 

control current 


INDUSTRIAL APPLICATION of remote control switching 
can follow this basic hookup, with the individual mechani- 
cally-held contactors mounted in enclosures high up on 
columns in plant areas. Each contactor can be located at 
the approximate center of its lighting load to keep circuit 
wiring as short as possible for minimum voltage drop and 
can be tapped from the nearest point on the busway. Con- 
trol circuits are then carried to one or more control panels. 


Typical coil-circuit control devices include: main- 
tained-contact and momentary-contact pushbuttons, 
selector switches, control and master type switches, 
pressure switches, float switches, limit switches, 
time switches, thermostats, plugging switch and 
contacts of control relays. Use of one or more of 
these devices will depend upon the nature and lay- 
out of the load. Contactors may be used for con- 
trol of circuits or feeders, supplying lighting loads 
and/or motor loads. 


Lighting and appliance branch circuits originate 
in panelboards in which the overcurrent protective 
devices for the circuits are mounted. In addition 
to the protective feature, the panelboard usually 
contains a means for switching each circuit. Some 
panelboards have a switch and fuse for each circuit; 
other panelboards use circuit breakers which pro- 
vide both protection and switching for the circuits. 

Overcurrent protection is a code requirement for 
branch circuits, but disconnect provisions are not 
required for branch circuits (although they are re- 
quired to be able to disconnect fuses on circuits 
over 150 volts to ground and to disconnect cartridge 
fuses in circuits at any voltage if they are acces- 
sible to other than qualified persons). A panelboard 
may therefore contain only fuses. In the great 
majority of cases, however, the advantages of 
switch or CB control of each circuit at the panel- 
board dictate against just fuses in the panelboard. 
In fact, commercial and industrial practice fre- 


Calculating Size of Branch Circuit Panel- 
boards for Lighting and Appliance Circuits 


Two-Wire DC or Single-Phase: 


Total connected load (amperes) = sum of branch loads. At 


least 10 amps should be allowed for each spare or appliance 
circuit. 


Three-Wire DC or Single-Phase: 


Same calculations apply as for two-wire panel, applied sep- 
arately to each side of panel. 


Four-Wire, Three-Phase: 


The load on any bus, except the neutral, is computed the same 
as for a two-wire panel. Usually, the load on each of the 
four buses is taken as that of the most heavily loaded. 


NOTE: Section 3880 of the code requires that a panelboard 
must have a rating (amperes capacity of its bus bars) 
not less than the minimum feeder capacity required 
for the total load. A panelboard may have a higher 
rating than its supply feeder, but not a lower rating. 
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Basic Configurations for Branch Circuit Panelboards 











120/240v 


1@ 3-wire circuit 


240v !6 


YJ 2-wire circuit 


} 120s 1 


2-wire circuit 


Single-phase 
3-wire feeder to typica 
switch-and- fuse panel 


120v | 
2-wire Circuit Neutra! 


N 
I20v 


—206r 
208 |6@ 
2wire circuit 





' 
Three - phase 

4-wire feeder to typical 
circult-breaker panel 


quently finds the panelboard switches or CB’s used 
as the only control of the circuits. 

Panelboards may be equipped with a main switch 
feeding the entire bus or a section of bus in the 
board. In cases where a lighting panel is supplied 
by a tap from a feeder protected at more than 200 
amps, main protection is required for the panel 
and a switch or CB must be used. This single switch 
provides simultaneous disconnect of circuits from 
the feeder. In many cases, a remote control switch, 
operated by a time clock, is used to control the cir- 
cuits connected to the bus in the panel by switching 
the feed to the bus. 

To supplement the allowance of spare capacity in 
the branch circuit design work, spare circuit capac- 
ity should be allowed in panelboards. As recom- 
mended previously, one spare circuit should be 
allowed in the panel for each five active circuits. 
Inasmuch as panelboards are made in multiples of 
four switch-and-fuse units or circuit breakers, pro- 
vision of the spare circuits can often be made with- 
out using a panelboard larger than required for the 
active circuits. 

When spare circuits are provided in flush type 
panelboards, the required conduit capacity to wire 
these circuits should be provided to avoid future 
tearing out of the wall. This may consist of empty 
conduit runs to the ceiling and floor, terminated in 
covered outlet boxes, design of spare capacity in 
other raceways serving the branch circuit load from 
the panelboard, etc. 


120/208 36 
4-wire circuit 


| 208v 34 
3-wire circuit 


( Phase to phase voltages may also 
| 
| 


be: 240, 416, 480 or 600 volts 


| Phase-to-neutral voltages moy 
| also be: 240 or 277 volts 


Circuit Configurations Designate “Lighting 
and Appliance” Panelboards 


NABC 





36 motor 1) 3 motor 


A\3@ 4wire 
3 load om B feeder to 
C {Itg panel 
N 120/208 


3 9 feeder 39 welder 














36 5HP 


motor 




















Neutral bus 
Total number of overcurrent devices—24. 


Number of overcurrent devices rated 30 amps or less and 
for which neutral connections are provided—3. 


10% of the number of overcurrent devices (24) is 2.4. 


Panelboard therefore has more than 10% of its over- 
current devices rated 30 amps or less, with neutral con- 
nections. 


Such a panelboard is designated by the NEC as a “lighting 
and appliance” panelboard and must be protected on its 
supply side not in excess of its rating when the panel- 
board is tapped from conductors protected at more than 
200 amps. 
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Special Case of Overcurrent Protection for Lighting and Appliance Panelboards 


Panels A & B are fed by conductors pro- 


tected at more than 200 amps. Se evercurrent'®. C6. 





Such panels, which are lighting and 
appliance panels as defined in Sec. 3881 
of the NEC, must be protected not in ex- 
cess of their rating, per Sec. 3883a. 


~Additional overcurrent 
protection not required 
for the main bus of 
these panels 


4-1/C 500 wow 
"RH' feeder 

(380 A) 

But each panel is rated at 400 amps. 


The feeder protection at 400 amps 
therefore satisfies the code require- 
ments for protection of the panels. 


Split-Bus Panelboard with contactor Controls for Sections of Main Bus 


Phase conductors 
ghey aa Neutral carried with each 

set of phase conductors 
to satisfy NEC sec. 3018 


minimizing inductive heating 


3 No. %-2$"C~ 
main feeder 


2-pole, 60-amp 
250-volt contactor 
remote control 


Contactors controlled 
by time switches 


-3 No. 4-15"C (not indicated here) 


2-pole, 60-amp 
250-volt contactor 
remote control 


Separate 

neutral for — 
each section 
of panelboard 








Loading Schedules for Panelboards 


480 Y/277 volt mains 


8 Y/I20 volt mains 
8 ’ > 2100 | 2 receptacles i 


S 200W,4rec 
, a ; ISOW,2cl, 4 rec, | bell 

00 ~_ 3600W flighting 6 ec, 100 

60 In Rue 3300W B, Range 


7 » 3600W \e77 volt 


3 No.6, 1 C 
Hand dryer 
2254 W 
Hand dryer 

} 2254 
500 W, 2 rec, | bell 
Y4 hp DFE comp 
4 hp flue ex-fan 
500 W 


mmersion heaters 


Immersion heaters 
2-5kw, 2.No.I0, %4C 


2-5kw, 2No.10, Ae Clothes dryer 


3No 10,%4C 

- h 

Shp blower n nd Tro sformer Was ing mach 
= — . IU KVO ironer 

Heating unit No 


4 No6, I4C 3Na.10,%, C 
Service: 4 No. 2/0, 25°C 


Note: All breakers are 20-amp on both panels unless noted otherwise e: 4No.1,2C 


TYPICAL PANEL SCHEDULES for load center in 480/277- 
volt distribution system serving a modern school. Panel capac- 
ities of similar makeup and loading are installed in each of 
four mechanical rooms which are distribution load centers 
for the classroom wings of the school building. Supply to this 
load center is made by four No. 2/0’s in 2¥%-in. conduit 
run in the floor slab from the main service panelboard. Class- 
room and corridor lighting for each floor of each wing is 
supplied by 277-volt fluorescent lighting circuits from the 
480/277-volt panel in each mechanical room (circuits 1 to 
8 in schedule at left). The 30-kva transformer fed by circuit 


20 in this panel supplies 120/208-volt power to the general 
purpose lighting and appliance panelboard at right. The 
two panels and the transformer are mounted close together 
in the mechanical room. Note spare circuits in 480-volt 
panel and the variation in number of receptacle outlets con- 
nected to 120-volt circuits at right. Layout and circuiting 
of receptacles were based on study of likely loads, possible 
simultaneous use of appliances and habits of use of electrical 
appliances. In home economics classroom, for example, heavy 
appliance loads and sewing machine desks dictated use of 
only two receptacles per No. 12 two-wire circuit 
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Typical Examples of Branch Circuit Data Tabulated For Use on Electrical Plans 








LIGHTING PANELBOARD 


SCHEDULE 





~ Mains 


[Panel | 
|Desig- 


Locotion | 


ination 
LPIA 


fe) #] Stair 
Ist fi. Nos 


Equip 
kt Bkr 


Branch Circuits 


Service 





[No Active|NoSpres| Total No 
25 


Poles 


TripCalibc| Type 


Cap | Phase 


Remarks 


Feed |Voltage| 





se SP 


204A 


Ckt.Bkr 


225125| 3 


14 -300mcm||20708 





LPIB 


Istfl b= 


LP2A |2ndfl ee | 


34 
36 





| 20A 


225/150 


4-% 





Toa 


225150 


4-300MCM) 





1B |2ndflae’t | | 
LP2C 


2ndfi Moin 





20 





watt » stair 
rLP3A rafter 
LP3B |3rdfinot 


a ome eee 




















3 
Lighting Panelboard Lighting 


. 


“CIRCUIT ~ 


42 
— 
26 





“LOA 
- 
Ponelboard 





Circ. [No of ] 


Outlets 


Wattage Circ. | No. of 
Bus A|Bus B| No. |Qutlets 
1000} _ 5 
1000 





~ | 1000 | 


Wattage 


| 204 
| 204 
1 604 


4 


ceN25 


4-% 





100/79 


4-Y% 





4-350MCMI 





4-% 








Circ. |! 





Bus A 
I 480 


1500 


No 


| 


Lighting Panelboard 

















see 





oma 


Lighting Panelboard 


4 





Wattage 





| Bus A|Bus B 
[600 


Circ 
No. 


No.of Wattage 
Outlets}Bus A] Bus B | 
| 1500 | 








600 


600 _| 





480 


960 





1000 





720 


1370 | 





1000 





750 


DIO] a) WwW) rm) - 


1200 


1000 








1000 














EE 


a 








| 


600 


[1000 











| 








Lt 




















ss, 





Panelboards and Control Layout For High Frequency Lighting Circuits 





120-v motored dual coded 
relays operated by corrier 
pulses ———— ; 


Unit reactor coils connected across 840-cycle 
circuit for power factor correction 





Contactor coil-circuit 
switching relays 
operated at 120 volts —— 








____ 


Emergency panel 


Normal panel 








Panelboard supplied from 
dry type transf. provides 
circuits for receptacles, 
for relays above and for 
contactor coils — 


Cir | 








Cir. 2 














Spares 


Cir. | 
ee 











Cir.2 








2-pole, 30-amp 600-volt contactors 7 
(120-v, 60-cycle coils) switch 
840-cycle circuits as indicated 


HIGH FREQUENCY LIGHTING branch circuits are supplied 
from this panelboard layout on one floor of a bank building. 
Feeders operating at 600 volts between conductors (300 volts 
to ground) and 840 cycles per second are supplied to the 
two CB panels at upper right, from main switchboard in fre- 
quency conversion room. Each circuit is rated 2-pole, 600 
voits and protected by one 2-pole breaker. Control of circuits 
is made by 2-pole contactors connected on load side of branch 


138 


CB’s. 


30-amp 2-pole'F” frame 
CBs protect 840-cycle 
600-Vv circuits 


— 


5- sec. time-delay relays 
connect PF coils to load 
sides of contactors after 


+— lamps are lighted 


At left, a 120/208-volt, 60-cycle panelboard provides 





circuits which operate the contactor coils through carrier 
frequency actuated relays at upper left. The carrier frequency 
pulses are transmitted over the 120/208-volt wiring from 
a central time control panel which schedules the pulse trans- 
missions to operate the contactors at given times of the day 
for turning lights on or off. Relays sense the carrier pulses 
and close the contactor coil circuits. 
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Basic Rules for Panelboard Protection 


Panel rated CG) Lighting and appliance branch 

60 amps circuit panelboard has more 
60-amp al than 10% of its overcurrent 
fused swie 3 devices rated 30 amps or less, 
or CB aiaie with neutral connections provided. 








(2) When such a panel is tapped from 
conductors protected at more 
than 200amps, it must have over- 

Panel rated current protection-on its supply 
100 amps side rated not greater than 
100-amp panel rating.. 

fused 

switch ait [S) Power panelboard serves three- 

or CB phase power loads, has no neut- 

ral connections, but does contain 
snap switches rated at 30 amps 

No neutral or less. 


This protection may (@) Such o panelboard mus! hove 

veoh manag bite. a main protection rated not more 

panels rated at od than 200 amps. Economically 

velue below 200 y \ panels rated less than 200amps 
ue below amps\ ore protected at their rating, 














No main G) Power panelboard serves three- 

protec- phase power loads, has no neut- 

tion, ral connections and does not 
contain any snap switches. 











6) Such a panelboard is considered 
9 ; to be protected by the feeder 
3-phase, 4-wire overcurrent protection. 
mM 120/208 -volt 

feeder 


400-amp fuses 
or CB 














GENERAL DESIGN STANDARDS for selection 
and layout of panelboards are as follows: 

@No more than 42 branch circuit phase con- 
ductors (i.e., 42 one-pole protective devices) may 
originate from a single panelboard. 

@ No branch circuit in a panelboard should run 


more than 100 ft to the first outlet of the circuit. 

@ All panelboards should be readily accessible. 

@ Panelboards should be placed as near as possible 
to the center of the load they handle. 

@ If circuit switching from the panelboard is de- 
sired, a switch-and-fuse or CB panelboard must be 
used. 

@ Panelboard locations should be selected to con- 
form as much as possible to the routing of feeders, 
assuring shortest possible feeder runs and mini- 
mum of bends, 

@ Every panelboard must have a rating not less 
than the minimum feeder capacity required to serve 
the load as determined from Article 220 of the code. 

@ At least one lighting and appliance branch cir- 
cuit panelboard should be provided on each active 
floor of the building. 

When lighting and appliance branch circuits, 
with their controls and panelboards, have been laid 
out, a panelboard schedule should be made up and 
included in the plans and specifications. This sched- 
ule should give some code letter designation to each 
panelboard—such as Lila for lighting panel “a” on 
the first floor, L2b for lighting panel “b” on the 
second floor, etc.—and should tabulate panel loca- 
tions, number and size of circuits in each panel, 
type and rating of circuit protective devices, capac- 
ity of mains, size and type of main protection and 
disconnect and any pertinent remarks about each 
panelboard which might clarify design intent for 
the installer. 

It should be noted that the code defines a lighting 
and appliance branch circuit panelboard as one hav- 
ing more than 10% of its overcurrent devices rated 
50 amps or less, for which neutral connections are 
provided, as previously explained. 

Overcurrent protection for panelboards should be 
carefully considered. A lighting and appliance 
branch circuit panelboard which is fed by a feeder 
protected at more than 200 amps must be protected 
on its supply side by overcurrent devices rated not 
greater than the amp rating of the panelboard. 


Motor Branch Circuits 


Design of circuits for motor loads and their 
controls involves careful consideration of factors 
and conditions which do not present serious prob- 
lems in the design of ordinary lighting and ap- 
pliance branch circuits. 

Motor loads are usually large loads and require 
careful wiring and protection of conductors and 
equipment to assure safe and reliable operation. 
In any plant or building, of course, the problem of 
providing maximum safety and reliability must be 
solved along with other problems—minimizing volt- 
age drop, avoiding excessive copper loss, providing 
sufficient flexibility for changing locations of equip- 
ment, designing for ease and economy of mainte- 
nance of the motors and equipment and providing 
spare capacity in the equipment for increased loads 
in the future. 

Basically, Article 430 of the code provides the 
requirements for safe and reliable operation of 


motor circuits. This article contains the general 
requirements; other articles contain specific refer- 
ences to motor applications—in cranes, hoists, ele- 
vators, machine tools, hazardous locations and in 
such occupancies as garages, service stations, bulk 
storage plants and other industrial areas. 


Motor Currents 


Except for sealed (hermetic type) refrigeration 
compressor motors, values for motor current rat- 
ings given in Tables 21 to 24, Chapter 10 of the 
code, must be used in sizing conductors, switches, 
branch circuit overcurrent devices, etc., instead of 
the motor nameplate value of current. However, 
the motor nameplate current should be used in 
determining the motor running overcurrent pro- 
tection. For sealed refrigeration compressor 
motors, the nameplate current is used in determin- 
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Protection and Control Elements of Motor 
Branch Circuits 


May be mounted ing. 
power panelboord or 
may be an individual 
unit, such as o buswoy 
top switch or circuit 
breaker. 


Branch circuit overcurrent *pro- 


rated according to NEC 4342. 


Disconnecting means — a motor- 
zn circuit switch rated in hp or a 
sn circuit breaker, with exceptions 
Bronch circuit- 
conductors rated "24 must open all ungrounded con- 
at 125 % of motor ma ductors. 
full-lood current. . 


A controller capable of starting 


and stopping the motor. For an ac 
motor, controller must be able to 


interrupt stalled-rotor current. 
Running overload protection is 
commonly used at this point 


Secondary controller For continuous-duty operation, 
rated for size of 
wound rotor motor. ~ secondary controller must have 
G current rating equal to 125 % 
of full-load secondary current. 
See NEC 4313 for other con- 
ditions 

\ 

For continuous-duty operation, 
conductors from a secondary 
controller to separate resistor 
unit must have a current rating 
equal to 110% of full-load 


Secondary resistors 
rated for size and 
duty of wound-rotor 


motor secondary current. See NEC 4314 


for other conditions 


ing size of conductors, circuit overcurrent protec- 
tion and motor running overcurrent protection. 


Size of Conductors 


Branch circuit conductors serving only one motor 
must have a current-carrying capacity not less than 
125% of the full-load current rating of the motor. 
Branch circuit conductors supplying two or more 
motors must have a current-carrying capacity not 
less than 125% of the full-load current of the larg- 
est of the motors plus the sum of the full load cur- 
rents of the other motors supplied. Particular de- 
sign considerations may considerably increase the 
size of motor circuit conductors. 

Section 4312 of the code also includes require- 
ments for sizing individual branch circuit wires 
serving motors used for short-time, intermittent, 
periodic or other varying duty. In such cases, fre 
quency of starting and duration of operating cycles 
impose varying heat loads on conductors. Conductor 
sizing therefore varies with the application. 

Conductors connecting the secondary of a wound- 
rotor induction motor to the controller must have a 
carrying capacity at least equal to 125% of the 
motor’s full-load secondary current if the motor 
is used for continuous duty. If the motor is used 
for less than continuous duty, the conductors must 
have capacity not less than the percentage of full- 
load secondary current given in the table of Section 
1312. Conductors from the secondary of a wound 
rotor induction motor to its starting resistor must 
have a capacity rating in accordance with the duty 


tection-fuses or circuit breaker, 


as noted in NEC 4402 Disconnect 


conductors from wound-rotor to 


classification of the resistor as given in the table of 
Section 4313. 


Overload Protection 


Running overcurrent protection in motor branch 
circuits is intended to protect the motors, motor con- 
trol equipment and the branch circuit conductors 
against excessive heating due to overloads. Protec- 
tion of the circuit and its components against 
overcurrents due to short-circuit or ground faults 
is provided by the branch circuit fuse or circuit 
breaker, as explained later. 

Design considerations for running overcurrent 
protection vary with the size of motor, the operating 
duty cycle and the type of motor. Typical code re- 
quirements for running overcurrent protection are 
as follows: 

1. For motors of more than 1 hp, if used for con- 
tinuous duty, running overcurrent protection must 
be provided. This may be an external overcurrent 
device actuated by the motor running current and 
set to open at not more than 125% of the motor 
full-load current for motors with a temperature rise 
not over 40C or 115% of the motor full-load current 
for all other motors. Or protection might be pro- 
vided by a device integral with the motor, approved 
for use with the motor and responsive to motor cur- 
rent and temperature. For motors over 1500 hp, 
an embedded temperature detector may be used to 
cause opening of the supply when the temperature 
gets too high. 

2. Motors of 1 hp or less which are portable and 
manually started are considered protected against 
overcurrent by the branch circuit protection if the 
motor is within sight from the starter. Running 
overcurrent devices are not required in such cases. 
A distance of over 50 ft is considered out of sight. 

The code states that branch circuit overcurrent 
protective devices which serve as running overcur- 


Calculating Motor Load Currents for Sizing 
Circuit Conductors 


1. For continuous-duty motors, the load on the branch cir- 
cuit feeding a single motor is taken as 125% of the full- 
load rated current of the motor. 


The load on a branch circuit supplying a motor in a class 
of service having short-time duty depends upon the type 
of loading. In most cases, the load is not greater than 
the percentages of full-load rated current given in 
table of Sec. 4312 of the NEC. 


The load on conductors connecting the secondary of a 
wound rotor induction motor to its controller is taken as 
125% of the rated full-load secondary current for con- 
tinuous-duty motors, and not less than the percentages 
of full-load current for short-time duty motors given in 
table of Sec. 4312 of the NEC. Sec. 4313, NEC, covers 
load on conductors connecting the controller with sec- 
ondary resistors. 


The load on conductors supplying two or more motors is 
taken as not less than 125% of the full-load current 
rating of the highest rated motor in the group plus the 
sum of the full-load current ratings of the remainder of 
the motors in the group. 


The load on conductors supplying motors and, in addition, 
lighting or appliances, is taken as the sum of the separate 
motor load and lighting or appliance load. 
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Basic Requirements for Motor Running 
Overload Protection 


1. Motors over 1 hp, under 1500 hp and without an integral 
thermal protector— 
Protective device set for not more than 125% of 
motor full-load current for motors having a tempera- 
ture rise not over 40C, or set for not more than 115% 
for motors of other types. 


Portable motors of 1 hp or less, manually started and with- 
in sight from the starter location— 
The branch circuit overcurrent device is sufficient 
running overcurrent protection. 


Motors of 1 hp or less, automatically started; motors of 
1 hp or less, manually started and out of sight from the 
starter location; or motors of 1 hp or less which are not 
portable— 
For motors without integral thermal protectors, pro- 
tective device set for not more than 125% of motor 
full-load current for motors having a temperature rise 
not over 40C, or set for not more than 115% for 
motors of other types. 


No provisions are required for motors which have suffi- 
ciently high winding impedance or control devices which 
prevent damage due to stalled rotor. 





rent protection for motors of 1 hp or less, as above, 
must conform to maximum sizes as given in Table 
20, Chapter 10, for the particular motor current. 
One exception is made to this requirement on size 
of branch circuit protection for such cases: any 
motor of 1 hp or less, as above, can be used on cir- 
cuits rated no more than 125 volts and protected at 
20 amps, without separate running protection. 

It should be noted that any motor of 1 hp or less 
which is not portable, is not manually started and/ 
or is not within sight from its starter location must 
have specific running overcurrent protection as in 
the following paragraph. 

3. Automatically started motors of 1 hp or less 
must be protected against running overcurrent in 
the same way as motors rated over 1 hp. That is, a 
separate overcurrent device or an integral device. 
In the case of such a motor, however, it may be 
considered protected against running overcurrent 


if it is part of an approved assembly “which does 
not subject the motor to overloads and which is also 
equipped with other safety controls (such as the 
safety combustion controls of a domestic oil burner) 
which protect the motor against damage due to 
stalled rotor current.” Or if the impedance of the 
winding of a motor is high enough to prevent over- 
heating with stalled rotor, the branch circuit pro- 
tection is considered running protection. 

The branch circuit protection is considered suffi- 
cient protection against running overcurrent for 
motors which have inherently short duty cycles 
intermittent, periodic or varying duty. A motor 
is considered to be used for continuous duty unless 
the nature of the load it drives is such that it can- 
not operate continuously under any condition of 
use. 


Branch Circuit Protection 


Code provisions for the protection of branch 
circuit conductors feeding motors are covered in 
Sections 4341 to 4349. The overcurrent device pro- 
tecting an individual motor branch circuit must be 
able to carry the motor starting current. It must 
have time delay to allow the motor to start and 
come up to speed. Tables 26 and 27 in Chapter 10 
of the code give the required overcurrent rating 
values for various motor loads. Table 20 in Chapter 
10 gives ratings of fuses and circuit breakers for 
circuit overcurrent protection. 

A single branch circuit may be used to supply 
two or more motors as follows: 

1. Two or more motors, each rated not more than 
1 hp and each drawing not over 6 amps full-load 
current, may be used on a branch circuit protected 
at not more than 20 amps at 125 volts or less, or 15 
amps at 600 volts or less. Individual running over- 
current protection must be provided in accordance 
with the previously discussed requirements for mo- 
tors rated 1 hp or less and is generally necessary in 
such circuits. 

2. Two or more motors of any rating may be con- 
nected to one branch circuit if each motor has run- 


Typical Motor Branch Circuit Calculations 


DATA FROM TABLE 20, NEC 
or as follows: 


1—BRANCH CIRCUIT PROTECTION 
from Tables 26 and 27 


Motor Br. Cir 
150% x 39A = 60 amps 


Motor feeder 


Motor Br. Cir. Fuse 

63x 300% = 189 amps (200 amp fuse: 
Motor Br. Cir. Conduct 

é %o = 79 amn< 


R or No. 4RH 


ruse 














2—BRANCH CIRCUIT CONDUCTORS 





sized according to NEC 4312 


Motor 








3—RUNNING OVERLOAD PROTEC- 
TION sized according to NEC 
43220 


ELECTRICAL CONSTRUCTION 


Overcurrent 
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Minimum Design Requirements 
for Motor Controllers 
A Motor Controller— 


1. Must be capable of starting and stopping the motor it 


controls. 


2. For ac motors, must be capable of interrupting stalled- 


rotor current of the motor. 


Must have a hp rating not less than that of the motor 


it serves, except as follows: 


Vertain motors 
under 1/8 Hp 


4 





Plug receptacle Portable motors 
on branch * up to 1/3 Hp 











ning overcurrent protection, the overcurrent de- 
vices and controllers are approved for group instal- 
lation, the branch circuit fuse rating is in accord- 
ance with Tables 26 and 27 for the largest motor 
plus the sum of the full-load current ratings of 
the other motors. The branch circuit fuses must 
not be larger than four times the rating of the 
thermal cutout or relay protecting the smallest 
motor of the group, unless the thermal device is 
approved for group installation with a given maxi- 
mum size of short-circuit protective device. 

Devices (other than fuses) used for motor run- 
ning overcurrent protection and circuit breakers 
used to protect motor branch circuits must have a 
continuous current rating not less than 115% of the 
full-load current rating of the motor. 


Motor Controls 


According to the code, the term “controller” in- 
cludes any switch or device normally used to start 
and stop the motor. In general, a motor controller 
must have a horsepower rating not lower than the 
rating of the motor. Motors under one-eighth 
horsepower which are normally left running and 
are not subject to damage from overload or failure 
to start, such as clock motors, may use the branch 
circuit protective device as the controller. Porta- 
ble motors up to one-third horsepower may use 


Effective Short-Circuit Protection 


Short circuit protection 
at point of branch circuit 
tap from feeder 





Infinite bus 


A short-circuit fault at C will draw current until the circuit 
is opened by the protection at B. The value of the short-cir- 
cuit current available at C depends upon the kva rating of 
the supply transformer, the percent reactance of the trans- 
former, the secondary voltage and the effective impedance 
of the current path from the transformer to the point of fault. 
Application of motor controllers must, therefore, be co- 
ordinated with branch circuit overcurrent protection which 
must be able to safely interrupt the short-circuit current. 
And not only must the device be rated to interrupt the fault 
current, it must act quickly enough to open the circuit before 
let-through current can damage the controller. 





Manual Starter as Controller and Disconnect 


A manual starting switch—capable of starting and 
stopping a given motor, capable of interrupting the 
stalled-rotor current of the motor and having the same 
hp rating as the motor—may serve the functions of con- 
troller and disconnecting means in many motor circuits, 
if the switch opens all ungrounded conductors to the 
motor. This is permitted by Section 4407 of the code. An 
important exception to this allowance, however, is 
made in the case of a compensator type of con- 
troller. Such controllers must be provided with a sepa- 
rate means for disconnecting controller and the motor. 





their plug and receptacle connection as a controller. 
For stationary motors up to 2 hp, and up to 300 
volts, a general-use switch rated twice the full-load 
motor current may be used as the controller. A 
branch circuit breaker, rated only in amps, may be 
used as a motor controller. 

Although motors are generally provided with in- 
dividual means for control, a single controller may 
serve a group of motors, rated not over 600 volts, 
under the same conditions as a single disconnect 
may be used, as described in the following section. 

Sections 4421 to 4425 cover requirements for 
motors rated over 600 volts. Article 710 of the 
code deals specifically with “Circuits and Equipment 
Operating at More Than 600 Volts Between Con- 
ductors.” 

Sections 4871 to 4374 of the code give require- 
ments for remote-control circuits used with motor 
loads. 


Motor Disconnects 


Depending upon the size and application of a 
motor, some provision must be made for disconnect- 
ing the motor from the line for maintenance and 
repair. General requirements for motor disconnects 
call for a motor-circuit switch rated in horsepower 
or a circuit breaker. Exceptions to this require- 
ment are as follows: 
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Installed Location of Motor Controller 


eo Motor and driven machinery within sight from controller 


1.BASIC 
REQUIREMENT 








Controller 


One of these must be 
capable of being locked 
jin the open position , 


2.EXCEPTION WITH 
LOCKING 
PROVISION 
Disconnect Controller 
means 


Controller out of sight from or more than 


50 feet away from motor and driven 


« B 


Out of sight from or more than 50 feet away 
from controller location 
4 ae 
cr 





\ 
Branch circuit nae S) Fe 





+ Motor and driven machinery “id 


machinery-no provision for locking reqd. within sight from switch 


3.EXCEPTION WITH —_—_ Se rrS 


ADDITIONAL 
SWITCH IN SIGHT 
FROM MOTOR 


Disconnect Controller 
means 


\ 


Manual switch or 
switch in control 
circuit of remote 
contactor in motor 
circuit 





1. The branch circuit overcurrent device may 
serve as the disconnecting means for stationary 
motors rated one-eighth horsepower or less. 

A general-use switch rated at twice the motor 
full-load current rating may be used as the discon- 
necting means for stationary motors rated at 2 hp 
or less and 300 volts or less. 

3. From 2 to 50 hp, motors used with compen- 
sator types of controllers may have a general-use 
switch for the disconnecting means under condi- 
tions given in Section 4402 of the code. 

4. Motors over 50 hp may have a motor-circuit 
switch also rated in amps, a general-use switch or 
an isolating switch as a disconnect. 

5. The plug and receptacle used for connecting 
portable motors to their circuits may serve as the 
disconnecting. means. 

In a motor branch circuit, every switch in the 
circuit in sight from the controller must satisfy the 
foregoing requirements. And the disconnect switch 
must be able to carry at least 115% of the name- 
plate current rating of the motor. It must discon- 
nect both the motor and the controller from all 
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Motor Controller Need Not Open All 
Conductors to Motor 
Must disconnect both motor Section 4384 does not re- 


and controller from all un- quire motor controller to 
grounded conductors. All open all ungrounded supply 
live conductors must be conductors, Section 4382 
opened when switch is in merely requires that con- 
OFF"position 7 5 troller be capable of start- 
Motor p ing and stopping its motor 
disconnecting [iam 
meons with Maes 3-pole switch, 
* branch circuit Dad © fuses 
protection aS 


is Pressure switch, 
Motor s 2-pole with one / 


Soe 4 m™ line unbroken ~ 


May be 2-pole pilot type 

control switch: float switch, 

pressure switch, limit switch, 

time switch, relay, etc In typical case: 
Compressor motor 
220v-39 IH.P 


AND MAINTENANCE .. . MAY, 1959 





Circuit Breaker As Multiple Element in Motor Branch Circuit 


controler 











Disconnect Controller 
Motor br. cir means 
overcurrent 


device ontrolier and motor may be safely maintained 


when disconnect is in open position 


1. The basic elements of any motor branch circuit include: 
branch circuit overcurrent protection, disconnecting means, 


controller and motor. in many applications, each of these 
elements is separate, with motor running overload protection 
incorporated in the controller. In such circuits, the disconnect 
isolates both the motor and controller from the supply line 
when the disconnect is in the open position. 


But the code permits the use of a branch-circuit circuit 
breaker, rated in amperes only, as a controller. And the code 
permits the use of a circuit breaker as a motor disconnect, 
provided the CB has a current-carrying capacity of at least 
115% of the nameplate current rating of the motor. The 
question then arises—Does the code permit the use of one 
circuit breaker as both disconnect and controller? 





ection 4407 
sit-breaker as both controller and disconnect 


ot) 


switch or C.B. plays a 
dua! role of controller 
and disconnect. Must 
be manually operable 


cn or r 











“Running 
protection 


2. The code permits the use of a switch or circuit breaker as 
both controller and disconnect means if it— 


A. opens all ungrounded conductors to the motor, 


B. is protected by an overcurrent device which opens all un- 
grounded conductors to the switch or breaker, and 


C. is either—A. an air-break switch or circuit breaker, manually 
operable by direct coupled handle, or 
b. an oil switch on a circuit rated not over 600 
volts or 100 amps (unless by special permis- 
sion). 

A note in Sec. 4407, which sets forth the above, indicates 
that the overcurrent device protecting the controller may be 
part of the controller, thereby qualifying the trip elements in 
a circuit breaker as the overcurrent device required in “B’’ 
above. 





ontre er, 
disconnect anc 
branch-circuit protection 


Code permits 
combining this with 
branch protection 


, 
4 














Motor 








Circuit 
Running overcurrent 
protection 


3. Based on the foregoing, a CB could be used as a three- 
function element: disconnect, controller and branch circuit over- 
current protection. For branch circuit protection, a CB must 
have a continuous current rating of not less than 115% of the 
full-load current rating of the motor. 

Further, Sec. 4344 permits the use of one overcurrent device 
to serve as branch circuit protection and running overload pro- 


tection if the device satisfies the maximum rating requirements 
of the code—125% of motor current for 40C motors or 115% 
of motor current for motors with a temperature rise over 
40C. Sec. 4329 permits the use of a motor controller for 
running overload protection if it contains the proper number 
of overcurrent units (per Sec. 4327). 

In any application, practical achievement of four functions 
in one CB will require careful engineering for effective opera- 
tion. Application of circuit breakers (large air circuit breakers 
and molded case circuit breakers) as short circuit and running 
overcurrent protection for motors must be based on study of 
the time-current heating curve for the motor in relation to the 
operating-time tolerance band of the type and size of breaker 
to be used. Protection must be provided against overheating 
due to running overload and stalled rotor in excess of the 
motor’s heating curve. Time delay and instantaneous trips, 
whether adjustable or non-adjustable, must be related to the 
requirements. 





ungrounded supply conductors For sealed refrigera- 
tion compressors, Section 4403 gives the procedure 
for determining disconnect capacity. 

In general, each motor is provided with a separate 
disconnecting means. However, for motors under 
600 volts, a single disconnect may sometimes serve 
a group of motors. Such a disconnect must have a 
rating sufficient to handle a single load equal to the 
sum of the horsepower ratings or current ratings. 
The single disconnect may be used for a group of 
motors driving different parts of a single piece of 
apparatus, for several motors on one branch circuit 
or for a group of motors in a single room within 
sight from the disconnect location. 

An important requirement in motor circuits is 
that the disconnect be within sight from the con- 
troller location or be constructed and designed for 
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Typical Arrangement for PF Capacitor at 
Motor Terminals 
(See NEC Article 460) 


6-500 MCM RH conductors 
(2 per phase) divided between = Motor starter. 


Power Circuit 





Overcurrent protection 
provided by fuses 
(NEC 4607b) ———__ 


~ Pullbox 


3-250 MCM RH . 
conductors in 2=C 


80-kvar enclosed capacitor _ (NEC. 4607.4.) 


unit is Ceiling suspended at 
location of 500-hp motor Discharge resistors 
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Heokup and Protection of Remote Control 
Circuits for Magnetic Motor Controllers 


Motor controller 


=~ 


/ \ 
+ +7 Motor} 
pa ah gl as hi a dS 


| 
© 
(B) Branch circuit " 
protective device 


Operating coil 


(A) Remote control circuit < — 
conductors in raceway Remote pushbutton 


~~ station 


In general, remote control conductors must be protected 
against overcurrent. Section 2403-g of the code states that 
such conductors can be satisfactorily protected by overcurrent 
devices which are not of the time-lag type and are rated at 
not more than 500% of the carrying capacity of the control 
circuit conductors. Section 4372, however, modifies this re- 
quirement for motor control circuits as follows: The remote 
control conductors above (A) may be properly protected by 
the branch circuit overcurrent devices (B) if these devices are 
rated or set at not more than five times the current rating of 
the control conductors. If the branch circuit overcurrent de- 
vices were rated or set at more than five times the rating of 
the control conductors, the control conductors would have to 
be protected by separate protective devices located “at the 
point where the conductor to be protected receives its supply” 
(C). And in the case of motor control circuits, the branch cir- 
cuit protective devices may be of the time-lag type and still 
qualify as protection for the control conductors. It should 
be noted that the overcurrent protection is required for the 
control conductors and not for the operating coil. Because 
of this, the size of control conductors can be selected to allow 


application without separate overcurrent protection. ; 


Mount Capacitors at Motor Terminals for 
Most Effective PF Correction 





Starting torque 


Power factor capacitors installed at terminals of motors 
provide maximum relief from reactive currents, reducing the 
required current-carrying capacities of conductors from their 
point of application all the way back to the supply system. 
Such application also eliminates extra switching devices, 
since each capacitor can be switched with the motor it serves. 
When motors are small, numerous and operated intermittently, 
however, it is often economically more desirable to install 
required capacitor kvar at the motor load center. 
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Application of Capacitors 
For Power Factor Correction 


Power factor capacitors can be connected across electric lines 
to neutralize the effect of lagging power-factor loads, thereby 
reducing the current drawn for a given kilowatt load. In a 
distribution system, small capacitor units may be connected 
at the individual loads or the total capacitor kilovolt-amperes 
may be grouped at one point and connected to the main. 
Although the total kvar of capacitors is the same, the use 
of small capacitors at the individual loads reduces current all 
the way from the loads back to the scource and thereby has 
greater PF corrective effect than the one big unit on the main, 
which reduces current only from its point of installation back 
to the source. 


Calculating Size of Capacitor: 


Assume it is desired to improve the power factor a given 
amount by the addition of capacitors to the circuit. 


Then kvarg = kw & (tan 6, — tan 6,) 


where kvarge = rating of required capacitor 
kvar; reactive kilovolt-amperes at original PF 
kvars reactive kilovolt-amperes at improved PF 
0: original phase angle 
O phase angle at improved PF 
kw load at which original PF was determined. 


NOTE: The phase angles 6, and ©, can be determined from a 
table of trigonometric functions using the following 
relationships: 


6: = The angle which has its cosine equal to the 
decimal value of the original power factor (e.g., 
0.70 for 70% PF; 0.65 for 65% PF; etc.) 


The angle which has its cosine equal to the 
decimal value of the improved power factor. 





locking in the open position. A distance of over 50 
ft is considered out of sight. 


Voltage Regulation 


To assure proper and efficient operation of motors, 
the matter of voltage regulation must be consid- 
ered carefully. Many factors—number of motors, 
sizes and types of motors, duty cycles, load densities, 
type of distribution system, loading of various feed- 
ers, power factor—are related to the design prob- 
lem of assuring necessary level and stability of 
voltages for motors. The matter of voltage regula- 
tion follows through every step in design and must 
be accounted for in sizing conductors and selecting 
equipment for the system. 

Voltage drop from the source of voltage supply 
to any motor in the system must not exceed 5%. 
Normally, proper power feeder design will limit 
voltage drop to 83%, leaving a maximum permissible 
voltage drop of 2% in any motor branch circuit 
under full-load conditions. However, a 1% maxi- 
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mum circuit drop is recommended. To meet this re- 
quirement, assuring all the advantages of motor 
operation at proper value, voltage drop calculations 
should be based on all of the previously mentioned 
factors which affect voltage drop. 

Copper loss due to conductor resistance and cur- 
rent flow represents a power loss in heat and should 
be minimized by up-sizing the conductors where the 


Layouts 


1. THE CONTROL CENTER LAYOUT 

Branch circuit protective devices for motor 
circuits are grouped, sometimes with 
required controller and disconnect equip- 
ment. Offers economy where it can be 
functionally incorporated. Grouping may 
be made in one enclosure—power panel 
or control center assembly—or may con- 
sist of a number of individual enclosures 
at one location. 


Contains branch 
circuit overcurrent 
protection and 
disconnect means 
(Motor contro! 
centers may contain 
branch circuit over- 
current protection, 


running current 


2. THE CABLE TAP-BOX METHOD 
Wherever needed, motor branch circuit is 
tapped from conduit and wire feeder or 
subfeeder (or busway feeder) by using 10- 
ft or 25-ft unprotected tap from cable 
junction box to branch circuit protective 
device. 


3. THE BUSWAY TAP-SWITCH METHOD 
Each motor circuit is tapped from busway 
through a fused tap-switch or tap-CB 
which provides disconnect means and 
branch circuit overcurrent protection. 





motor will be running at or near full load for long 
periods. Power factor should be taken into consid- 
eration in all calculations, using the known value 
of PF or an 80% assumed value. 

Depending upon the results of study of the volt- 
age drop and power factor relationship, use of 
corrective measures for improving power factor 
may be designed into motor branch circuits. At 


for Individual Branch Circuits to Motors 








wer 
panel | 











Conductors with carrying capacity 
of at least 125% of motor full-load 


Feeder | 


disconnects and controllers) 


Disconnects here if power panel 
is out of sight or over SO ft away 
from controller, and disconnect 
there cannot be locked open 
~Motor controllers (disconnect 

| switch may be incorporated in 

| the starter enclosure if required 
as above) 


4 





Branch circuit overcurrent 
and disconnect means —— 


Plug-in branch circuit 
overcurrent protection 
and disconnect means 


Branch circuit tap conductors 
with same carrying capacity 
as feeder or feeder capacity 
if not more than 25 feet long 
(for taps not more than IO feet 
long, tap capacity same as 
branch circuit conductors) 


Controllers 


Controllers 


Motors 


Requirements for Connecting More Than One Motor on a Single Branch Circuit 


(NEC Sec. 4343) 


Contains branch 


CASE 1- 


Power 


15 or 20 amp 
rf $tngle branch circuit 


Two or more motors— none 
rated over one hp and none 





circul?l overcurrent 
protection and dis 
onnect means — 


MOTORS 
NOT 
OVER 1HP 


_————EEEEEE 


ponel 


a, 





CASE 2- 
MOTORS 
OF ANY 


Single disconnecting means with 
rating equal to sum of motor 


FO 
Motors without 
\ protection if each is portable, 


drawing more than 6 amps 
full-load running current 


su 


ndividual 


manually started and within 
sight from its starter. Otherwise, 
running overcurrent protection 
must be provided for each motor 
which does not conform 





hp ratings 
oo 2 
Branch circuit fuses rated 3 


according to Sec.4343b-3.8&4 


RATING 
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Controllers approved for 
group installation 


Running overcurrent devices 
approved for group installation 


Two or more motors of any 
ratings, each with individual 
running overcurrent protection 
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individual motor locations, power-factor-correcting 
sapacitors offer reduction in required carrying ca- 
pacity and improved voltage regulation. Voltage 
stability as it might be affected by starting currents 
of motors frequently coming on is generally a con- 
sideration in feeder design but should not be over- 
looked in circuits serving more than one motor. 


Layout of Circuits 


Based on the foregoing rules and considerations, 
motor branch circuits can be designed for any types 
of occupancy. 

Generally, motor circuit requirements for com- 
mercial and institutional buildings are concerned 
with known loads which are fairly permanent in 
their size and location. These loads include refrig- 
eration and air conditioning compressors, pumps, 
elevators, escalators, blowers and fans. Such loads 
can be served by many types of wiring systems 
without special provisions for flexibility. 

Industrial plants, on the other hand, require con- 
siderable power circuiting flexibility to accommo- 
date moving of motors, shifting of production lines 
and expansion of motor loads. To provide this nec- 
essary flexibility, motor circuits may be fed from 
plug-in busway, from wireways, from oversize con- 
duit and raceways which will allow change and 
expansion in the wiring or, in the case where many 
small motors are to be supplied, an underfloor race- 
way system. 

Spare capacity for increased motor loads is a 
design consideration for motor feeders and sub- 
feeders. Spare capacity should be included in the 
motor circuit panelboard where required. By using 
sectional type panelboards with interchangeable 
units and oversize raceway for branch circuit wir- 
ing, future increase in size of the motor on the cir- 
cuit and increase in associated branch circuit equip- 
ment is greatly facilitated. 

Laying out wiring to serve two or more motors 
may be made according to one of several plans: 

1. Each motor may be served by a separate 
branch circuit from a panel or distribution center. 

2. Individual branch circuits to motors may be 
tapped from a feeder or subfeeder at various points 
along its length of run, without using a branch cir- 
cuit distribution center. 

3. Individual circuits to motors may be tapped 
from a feeder without individual overcurrent pro- 
tection for the taps, provided they are carried direct 
to the disconnecting means or controller for each 
motor. Such taps must have the same carrying ca- 
pacity as the feeder if they are over 25 ft long. 
If they are under 25 ft long, they must have a car- 
rying capacity at least equal to one-third the carry- 
ing capacity of the feeder. In such cases, the motor 
branch circuit protection is included with the dis- 
connect means (switch and fuses, or CB) or in a 
combination starter, and the branch circuit origi- 
nates at that point. 

4. Individual branch circuits to motors may origi- 
nate at controllers or disconnects fed directly by a 
feeder or subfeeder (e.g., tap units on a busway). 

5. Two or more motors may be connected to a 
single branch circuit under the conditions previ- 
ously given for several motors on one branch circuit. 
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Basic Data on Hazardous Locations 


Here’s how the code designates different types of haz- 
ardous locations— 


Class I—Locations in which flammable gases or vapors are 
or may be present in the air in quantities sufficient to produce 
explosive or ignitible mixtures. 

Class I—Locations which are hazardous because of the pres- 
ence of combustible dust. 

Class tl—Locations which are hazardous because of the pres- 
ence of easily ignitible fibers or flyings, but in which such 
fibers or flyings are not likely to be in suspension in air in 
quantities sufficient to produce ignitible mixtures. 


Each Class of hazardous location is further subdivided into 
two divisions: 

Division 1—Locations where the hazardous condition is con- 
tinuously present. 

Division 2—Locations in which the hazardous condition is not 
always present but in which the possibility of explosion or 
flash fire exists. 

Various atmospheric mixtures have been grouped on the 
basis of their hazardous characteristics and serve to further 
classify hazardous locations: 

Group A—Atmosphere containing acetylene. 

Group B—Atmospheres containing hydrogen, or gases or 
vapors of equivalent hazard such as manufactured gases. 
Group C—Atmospheres containing ethyl-ether vapors, ethylene 
or cyclo-propane. 

Group D—Atmospheres containing gasoline, hexane, naphtha, 
benzine, butane, propane, alcohol, acetone, benzol, lacquer 
solvent vapors or natural gas. 

Group E—Atmospheres containing metal dust including 
aluminum, magnesium and their commercial alloys. 

Group F—Atmospheres containing carbon black, coal or coke 
dust. 

Group G—Atmospheres containing flour, starch or grain dust. 


And here are the design fundamentals for wiring in 
hazardous locations— 


Class | Locations 


Division 1—Wiring must be in rigid metal conduit with 
threaded explosion-proof joints and explosion-proof boxes and 
fittings. All outlet and junction boxes, switches, controllers 
and motors must be of explosion-proof design. To prevent 
passage of gases, vapors or flames from one portion of the 
electrical system to another, conduit runs must have sealing 
fittings not more than 18 inches from the point where the 
conduit enters enclosures housing equipment which may pro- 
duce sparks, arcs or high temperatures. Such seals must 
also be installed in each conduit run of 2-inch or larger size 
entering the enclosure or fitting housing terminals, splices 
or taps, and must be within 18 inches from the enclosure. 
Seals must also be used in conduit runs where they leave 
a hazardous area to enter a non-hazardous area. All conduit 
and box connections must be of the threaded type. 


Division 2—Requirements for explosion-proof equipment are 
essentially the same as for Division 1. However, conduit 
may be either rigid metal or electrical metallic tubing. Seals 
are required as set forth in Section 5015, b.-1 and b.-2. 


Class Il Locations 

Division 1—Wiring must be in rigid conduit with threaded 
dust-tight fittings and boxes. Other equipment must also be 
of dust-tight design. 


Division 2—Wiring requirements are generally the same as 
for Division 1, but again either rigid or thinwall conduit may 
be used. 


Class Ill Locations 

Divisions 1 and 2 require rigid conduit with threaded fittings 
and boxes designed to prevent escape of sparks or flames. Fix- 
tures, switches and controller enclosures as well as motors 
must be of dust-tight construction. 
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PROVIDE A MODERN ... 


DISTRIBUTION 
SYSTEM 


source or sources of supply to the branch cir- 

cuits which feed the loads is made by the 
distribution system. This system is a layout of 
equipment in various configurations designed to 
provide the right amount of current at the right 
voltage to each utilization outlet. The distribu- 
tion system carries power to lighting panelboards, 
power panelboards, motor control centers and to 
the branch circuit protective devices for indi- 
vidual motor or power loads. 

Depending upon the type of building, the size 
and nature of the total load, various economic 
factors and local conditions, a distribution system 
may operate at a single voltage level or may 
involve one or more transformations of voltage. 
A distribution system might also incorporate 
change in frequency of alternating-current power 
or rectification from alternating-current to direct- 
current power. 

Design of a distribution system, therefore, is 
a matter of selecting circuit layouts and equip- 
ment to accomplish electrical actions and opera- 
tions necessary for the conditions of voltage, 
current and frequency. This means relating such 


Jooure or of electrical energy from the 


factors as service voltage, distribution voltage 
or voltages, conductors, transformers, converters, 
switches, protective devices, regulators and power 
factor corrective means to economy, load condi- 
tions, continuity of service, operating efficiency 
and future power requirements. Of course, the 
factors of capacity, accessibility, flexibility and 
safety must be carefully included in design con- 
siderations for distribution. 


Distribution Voltages 


Distribution systems are basically classified 
according to voltage levels used to carry the power 
either directly to the branch circuits or to load- 
center transformers or substations at which 
feeders to branch circuits originate. 

1. 120/240-volt, 3-wire, single-phase combina- 
tion light and power distribution. 

This type of system is restricted to applications 
where the total load is small and is primarily 
lighting. The most common application is in resi- 
dential occupancies—individual homes or multi- 
family dwellings. Stores, small schools and other 
small commercial occupancies also use this system. 
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In most cases of small commercial buildings, how- 
ever, the use of 120/208-volt 3-phase distribution 
offers greater economy due to higher operating 
efficiency of 3-phase circuits. 

In those cases where 120/240-volt feeders are 
used as the basic distribution method, the service 
to the premises is made at that voltage. Of 
course, 120/240-volt distribution is frequently an 
effective and economical system for lighting- 
subfeeder distribution in electrical systems which 
use a higher-voltage basic distribution system 
with load-center step-down to utilization voltages 


for local and incidental lighting and receptacle 
circuits. 


2. 120/208-volt, 3-phase, 4-wire combination 
light and power distribution. 

This is the most common type of system used in 
commercial buildings, in some institutional occu- 
pancies and in small industrial shops with limited 
electrical loads. Such a system offers substantial 
economy over the 120/240-volt system in the 
amount of copper conductor required to carry a 
given amount of power to a load. This combina- 
tion system provides 120 volts phase-to-neutral 
for lighting and single-phase loads and 208 volts 
phase-to-phase for single- or 3-phase motor or 
other power loads. This distribution system is 
used as the basic distribution in those occupancies 
in which the service to the building is of the same 
voltage. It is also the most common sub-distribu- 
tion system for lighting and receptacle circuits 
in those occupancies using higher-voltage distri- 
bution to load centers. 


3. 240-volt, 3-phase, 3-wire distribution. 

This is a common system for power loads in 
commercial and industrial buildings. In such 
cases, service to the premises is made at 240 volts, 
3-phase. Feeders carry the power to panelboards 
or wireways supplying branch circuits for motor 
loads. Lighting loads are usually handled by a 
separate single-phase service to the building. 

This system offers economic application where 
the power load is large compared to the lighting 
load. In some 240-volt, 3-phase, 3-wire systems, 
a grounded center tap on onc of the phases is 
used as a neutral to provide 120 volts for lighting 
and receptacle circuits. 


4. 480-volt, 3-phase, 3-wire distribution. 


This system is commonly used in commercial 
and industrial buildings with substantial motor 
loads. Service to the building may be made at this 
voltage, and the 480-volt feeders carried to motor 
loads and to step-down transformers for lighting 
and receptacle circuits. In many cases, 480-volt 
feeders will be derived from load-center sub- 
stations within the building and carried to motor 
loads or power panels. 


5. 480Y/277-volt, (or 416/240-volt) 3-phase, 
4-wire combination power and light distribution. 

This has become an important system for use 
in commercial buildings and industrial buildings. 
In office and other commercial buildings, the 480- 
volt (or 416-volt), 3-phase, 4-wire feeders are 
carried to each floor where 480-volt (or 416-volt), 
3-phase power is tapped to a power panel or to 


Basic Rules for Distribution Design 


. Carefully determine the magnitude and characteristics of 
all individual loads and load groupings. 

. Locate the one or more electrical supply points as near as 
possible to building load centers. 

. Select and arrange feeders and other distribution equip- 
ment to provide power continuity required by the com- 
mercia! or industrial functions of the building. 

. Constantly relate the building’s electrical requirements to 
the system characteristics of flexibility, accessibility and 
regulation. 

. Provide a calculated amount of spare capacity in all sys- 
tem components from the supply to load devices, carefully 
correlating feeder and subfeeder spare capacities to real- 
istic demand and diversity expectations. 

. Use modern load center layouts where possible. 

. Do not be limited by code figures for conductors, conduit, 
protective devices, switches and control equipment. 





motors; general area fluorescent lighting using 
277-volt (or 240-volt) ballasts is connected be- 
tween each phase leg and the neutral; and 120/ 
208-volt, 3-phase, 4-wire circuits are derived from 
step-down transformers for local lighting, appli- 
ance and receptacle circuits. 

Application of this system offers economic ad- 
vantage over a 120/208-volt system when less than 
about half of the load devices require 120- or 
208-volt power. Where the 480Y system can be 
used, it will cost less than the 120/208-volt system 
due to copper savings through the use of smaller 
sizes of conductors and lower cost of system 
elements due to lower current capacities. If the 
required amount of 120- or 208-volt power is over 
half of the total load in a building, the cost of 
the step-down transformers to supply these cir- 
cuits will offset the savings in the 480-volt cir- 
cuiting. Costs of switchgear and panelboards also 
affect comparison of the two types of systems. 

The 480Y system is generally more advanta- 
geous in multi-floor buildings than in buildings 
of only a few floors and more advantageous in 
large or long single-level areas than in small 
areas. The savings are directly related to reducing 
the sizes of long feeders, getting more kva deliv- 
ered per pound of installed system. 


6. 2400-volt, 3-phase delta distribution. 

This is an industrial type system used to feed 
heavy motor loads directly and motor and lighting 
loads through load center substations and light- 
ing transformers. 


7. 4160Y/2400-volt, 3-phase, 4-wire distribution 
with a grounded neutral. 

This is a more common system than the above 
2400-volt, delta-connected system. Originally de- 
veloped primarily for industrial applications, this 
system of high-voltage distribution has gained 
widespread use for large-area, spread-out com- 
mercial and institutional buildings, such as shop- 
ping centers, schools, motels. In fact, this system 
appears to have become the most popular high- 
voltage system for inside distribution. Economies 
in the use of cables and switchgear seem to be 
highest for this particular primary system. In 
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many installations, this system offers the advan- 
tages of load center primary distribution for 
power and light loads with direct connection of 
— motor loads operating at 2400 volts or 4160 
volts. 

This system is widely used to supply load center 
substations in which the voltage is stepped to 480 
to feed motors and lighting transformers for 
120/240-volt and/or 120/208-volt circuits. It may 
also be used in distribution to substations step- 
ping the voltage directly to 120/208. 


8. 4800-volt 3-phase distribution. 
This is a delta-connected industrial system for 


layouts of substations supplying motors and light- 
ing transformers. 


9. 7200-volt 3-phase distribution. 

This is another industrial system used with 
substations for stepping voltage to lower levels 
for power and lighting. 


10. 13.2Y/7.2-kv (or 13.8-kv) 3-phase, 4-wire 
distribution. 

This is a modern, widely used distribution sys- 
tem for large industrial plants. Power at this 
voltage is delivered to substations which step the 
voltage to 480 for motor loads and which supply 
180/120/240-volt or 480/120/208-volt transformers 
for lighting. Or 480Y/277-volt substations mav 
be used to supply motor loads and 277-volt fluores- 


cent or mercury vapor lighting for office and in- 
dustrial areas. Lighting transformers are then 
used to supply 120-volt circuits for lighting and 
convenience receptacles. 

The voltage values given for these distribution 
systems are of course subject to the usual variation 
or spreads due to distance of transmission and dis- 
tribution, local conditions of utility supply and 
settings of transformer taps. In addition to the 
distribution voltages given, other systems may 
operate at 6.6 kv, 8.3 kv, 11 kv and 12 kv. 

Of the high-voltage (over 600 volts) distribution 
systems, 4160 volts and 13,200 volts are the most 
common and represent good design selection and 
economy of application for most cases. However, 
selection of primary layout depends upon size and 
layout of load and the supply voltages which the 
utility makes available. Consultation with the 
utility must precede any design attempt at high- 
voltage distribution. 

The trend today is toward the use of the 13-kv 
systems over other high-voltage distribution sys- 
tems for large industrial plants and the use of 
4160/2400-volt systems for spread-out commercial 
and institutional buildings. To some extent, pri- 
mary distribution finds application in multi-floor 
commercial buildings, such as the use of basement 
and roof substations fed at high voltage and divid- 
ing the total building load. In the majority of 
cases, however, tall buildings can most economically 
be served from a secondary distribution system. 


Feeder Design 


In any electrical system, the “feeders” are the 
conductors which carry electrical power from the 
service equipment (or generator switchboard where 
power is generated on the premises) to the over- 
current protective devices for branch circuits sup- 
plying the various loads. 

In some systems, feeder runs may be made 
directly from a main switchboard to lighting panels, 
power panels and/or directly to motor circuits. In 
other systems, feeders may be carried from a main 
distribution switchboard to sub-distribution switch- 
boards or panelboards from which subfeeders origi- 
nate to feed branch circuit panels or motor branch 
circuits. In still other systems, either or both of 
the two foregoing feeder layouts may be incorpo- 
rated with transformer substations to step the dis- 
tribution voltage to utilization levels. The follow- 
ing discussion covers a detailed analysis of feeder 
requirements for various types of distribution sys- 
tems. Because descriptive terms referring to dis- 
tribution systems and their elements are frequently 
misused and misunderstood, the following defini- 
tions are given to clarify the discussion: 

MAINS are the conductors extending from the 
utility service terminals at the building wall (or 
generator or converter bus) to the service switch 
or to the main distribution center. 

FEEDER is a set of conductors originating at a 
main distribution center and feeding one or more 
subdistribution centers, one or more branch cir- 
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cuit distribution centers, one or more branch cir- 
cuits (as in the case of plug-in busway or motor 
circuit taps to a feeder) or a combination of these. 
It may be a primary or secondary voltage circuit, 
but its function is always to deliver a block of 
power from one point to another point at which the 
power capacity is apportioned among a number of 
other circuits. 

LIGHTING FEEDER is a feeder to a load which 
is primarily made up of lighting circuits. 

POWER FEEDER is a feeder to a load of motor 
and/or heating or other power branch circuits. 

SUBFEEDER is a set of conductors originating 
at a distribution center other than the main dis- 
tribution center and supplying one or more branch 
circuit panelboards or branch circuits. 

SWITCHBOARD is a large single panel, frame 
or assembly of panels, with switches, overcurrent 
and other protective devices and usually instru- 
ments mounted on the front and/or the back. 
Switchboards are generally accessible from the back 
as well as from the front and are not intended to 
be installed in cabinets. 

PANELBOARD is a single panel or group of 
panel units assembled in the form of a single panel. 
It contains buses tapped by fuse holders, with or 
without switches, or by circuit breakers, providing 
protection and, if switches or circuit breakers are 
used, it also provides control of circuits for light, 
heat or power. These circuits may be branch cir- 
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Terminology of Electrical Distribution 
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cuits or subfeeders. A panelboard is designed to be 
placed in a cabinet or cutout box placed in or against 
a wall or partition and accessible only from the 
front. 


Sizing Feeders 


Feeders and subfeeders are sized to provide suffi- 
cient power to the circuits they supply. For the 
given circuit voltage, they must be capable of carry- 
ing the amount of current required by the load, 
plus any current which may be required in the 
future. Selection of the size of a feeder depends 
upon the size and nature of the known load com- 
puted from branch circuit data, the anticipated 
future load requirements and voltage drop. This 
represents one of the most important engineering 
tasks in electrical design work. Economy and effi- 
ciency of system operation and maintenance depend 
heavily on the selection of the proper size of feeders. 

Experience with today’s electrical modernization 
work has revealed feeder capacity as the big bottle- 
neck in rewiring old buildings and even some that 
are not so old. In those buildings, the cost of 
bringing the capacity of the electrical systems up 
to meet modern load requirements would be con- 
siderably less if original design of feeders had been 
based on sound study of known and anticipated 
future loads. All of this experience confirms the 
importance of careful sizing of feeders, utilizing 
calculations related to the particular conditions of 
the job and not just a mechanical procedure of 
adding up load watts and dividing by volts to get 
required current-carrying capacity. 

According to the code, feeders are sized to carry 
a computed load current which is not less than the 
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sum of all branch circuit load currents supplied by 
each feeder, with certain qualifications: 

For general illumination, a feeder must have 
capacity to carry the total load of lighting branch 
circuits determined as part of the lighting design 
or a minimum branch circuit load determined on a 
watts-per-square-foot basis from the table given in 
Section 2203 of the code. And these watts-per- 
square-foot values must be increased by 25% where 
branch circuit loads are to operate continuously for 
long periods of time—such as general lighting. The 
demand factors given in the last column of this 
table may be applied to the total branch circuit load 
to get required feeder capacity for lighting (but 
must never be used in providing branch circuit 
capacity). 

2. If show-window lighting is supplied by the 
feeder, capacity must be included in the feeder to 
handle 200 watts for each linear foot of show- 
window length. 

3. In single-family dwellings, in individual apart- 
ments of multi-family dwellings with provisions 
for cooking by tenants or in a hotel suite with a 
serving pantry, at least 1500 watts, to handle the 
small appliance load in kitchen, pantry, laundry and 
dining areas, must be added to the general lighting 
load on each feeder and may be subject to the 
demand factors given in the unit-load table. 

4. In other than dwelling occupancies (where 
receptacle outlets of 15-amp or less are considered 
to be outlets for general lighting), the branch cir- 
cuit load for receptacle outlets for which not more 
than 14 amps were allowed per outlet may be added 
to the general lighting load, and may be subject to 
the demand factors. 

5. Feeder capacity must be allowed for electric 
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Watts/Sq Ft Loads and Demand Factors 
for General Lighting Feeders 


COL. A COL. B. 
Unit Load Load to which 
Type of Per Sq Ft Demand Factor Demand 
Occupancy (Watts) Applies (Watts) Factor 





Armories and 
Auditoriums 1 Total Wattage 100% 





Banks Total Wattage 100% 
Barber Shops and 


Beauty Parlors Total Wattage 100% 
Churches Total Wattage 100% 
Clubs Total Wattage 100% 
Court Rooms Total Wattage 100% 
Dwellings — (Other 3,000 or less 100% 

Than Hotels) Next 117,000 35% 

Over 120,000 25% 




















Garages — Commercial 


(Storage) Total Wattage 100% 


50,000 or less 40% t 
Over 50,000 20% 
20,000 or less 50% t 
Next 80,000 40% 
Over 100,000 30% 





Hospitals 

Hotels, incuding apartment 
houses without provisions 
for cooking by tenants 

Industrial Commercial 
(Loft) Buildings 

Lodge Rooms 








Total Wattage 100% 
Total Wattage 100% 


30,000 or less 100% 
Over 30,000 70% 


Total Wattage 100% 
Schools Total Wattage 100% 
Stores Total Wattage 100% 








Office Buildings 
Restaurants 














12,500 or less 100% 
Warehouses Storage Over 12,500 50% 
In any of above occupan- 
cies except single-family 
dwellings and indi- 
vidual apartments of 
multi-family dwellings: 
Assembly Halls 


and Auditoriums 1 Total Wattage as speci- 
Halls, Corridors, Closets Ya fied for the specific occu- 
Storage spaces Va pancy 


TtFor subfeeders to areas in hospitals and hotels where entire lighting is 
likely to be used at one time, as in operating rooms, ballrooms, dining 
rooms, etc., a demand factor of 100% shall be used. 


*Small Appliances. The small appliance load specified in sub- 
poragraph c-1, and the computed branch circuit load for receptacle outlets 
in other than dwelling occupancies, for which the allowance is not more than 
1% amps per outlet, may be included with the general lighting load and 
subject to the demand factors in paragraph a of this section. 

NOTE: 

The figures in this table are bare minimum, at 100% pf. No provision 

for load growth is made in these values. 











cooking appliances rated over 1} kw, in accordance 
with Table 29 in Chapter 10 of the code. In most 
cases, the feeder must have a capacity of 8000 watts 
for a single electric range rated not over 12 kw. 
Feeder demand loads may be obtained from Table 
29, Chapter 10 of the code. 

6. For fixed appliances other than ranges and 
space heating equipment, feeder capacity must be 
provided for the sum of these loads and the total 
load of four or more such appliances may be reduced 
by a demand factor of 75%. (NEC, Sec. 2203e) 

7. If motor loads are supplied by a feeder which 
also supplies lighting and appliance loads as de- 
scribed above, Article 430 of the code (Sections 
4314, 4315 and 4316) gives the required capacity 


which the feeder must include to handle such loads. 
Feeder capacity for motor loads is usually taken at 
125% of the full-load current rating of the largest 
motor supplied, plus the sum of the full-load cur- 
rents of the other motors supplied. 

8. Capacity of a feeder supplying fixed electrical 
space heating equipment is determined on the basis 
of a load equal to the total connected load on all 
branch circuits served from the feeder. Under con- 
ditions of intermittent operation or where all units 
cannot operate at the same time, permission may be 
granted for use of less than 100% demand factor 
in sizing the feeder. 

From the total load represented by the foregoing 
particular loads, the required current-carrying ca- 
pacity of feeder conductors is determined by divid- 
ing the total load in watts by the voltage between 
the hot leg and the neutral in the case of a 2-wire 
feeder, by the voltage between the two hot legs in 
the case of a 3-wire, single-phase feeder or by the 
square root of three, times the voltage between two 
phase legs in the case of 3-wire or 4-wire, 3-phase 
feeders from either a wye- or delta-connected source. 
If power factor is other than unity, it should be 
included in the denominator in all of these calcula- 
tions. When the lighting and appliance load has 
been converted from watts (or volt-amperes) to a 
required current rating, the value of motor load 
current must be added to get the required current- 
carrying capacity of feeder conductors supplying a 
combination load of lighting, appliance and motor 
loads. 

It should be noted that all of the foregoing are 
general requirements of the code and cover min- 
imum load conditions. This is particularly true of 
the watts-per-square-foot unit loads given in the 
table, which are based on 100% power factor. And 
determination of feeder size solely on the basis of 
code requirements provides no relation to particular 
operating conditions in an occupancy, such as volt- 
age stability and power losses, or any allowance 
for future growth in the load served by the feeder. 

Although there are certain feeder applications 
which can be satisfactorily sized by use of the 
indicated code method of sizing, modern feeder 
design practice carefully incorporates such factors 
as voltage drop, power factor, detailed analysis of 
watts-per-square-foot loads, realistic and studied 
application of demand factors and provision of sub- 
stantial spare capacity as required in each case. 


Adding Branch Circuit Loads 


In the section on “Branch Circuits,” procedures 
were given for determining various types of branch 
circuit loads—general lighting, local lighting, fixed 
appliance, special receptacle circuits and general-use 
convenience receptacles—and for determining the 
number of circuits to handle the loads. 

Whether general lighting circuits were deter- 
mined on a watts-per-square-foot basis or from a 
lighting design layout, the amount of load for gen- 
eral illumination is known, and capacity for this 
load must be designed into the feeder, modified by 
the applicable demand factor from the table in 
Section 2203. Other circuit loads—such as local 
and/or special lighting, motor loads, electric cook- 
ing appliances and fixed appliances—are also gen- 
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erally known loads and can be accounted for in a 
feeder. Loads for convenience receptacle circuits 
and spare circuits in the panelboard, however, are 
not known and must be estimated in sizing a feeder. 

From the known and estimated loads, the initial 
feeder load to a panelboard can be determined as 
follows: 

1. For each multi-outlet branch circuit supply- 
ing general lighting, allow watts equal to the load 
on the circuit. If 50% loading of circuits is used, 
as recommended, allow 900 watts for each 2-wire, 
120-volt 15-amp circuit; 1200 watts for each 2-wire, 


Demand and Diversity— 
Important Definitions 


Two terms constantly used in the literature of modern electrical 
design are Demand Factor and Diversity Factor. Because there 
is a very fine difference between the meanings for the words, 
the terms are often confused. The successful electrical designer, 
however, recognizes that these two expressions relate to separate 
and distinct characteristics of an electrical system. And he 
knows that consideration of these characteristics is essential to 
genuine economy, efficiency and effectiveness in design. 


DEMAND FACTOR is the ratio of the maximum demand of 
a system, or part of a system, to the total connected load 
on the system, or part of the system, under consideration. 
This factor is always less than unity. 


DIVERSITY FACTOR is the ratio of the sum of the individual 
maximum demands of the various subdivisions of a system, 
or part of a system, to the maximum demand of the whole 
system, or part of the system, under consideration. This 
factor generally varies between 1.00 and 2.00. 


Another factor commonly used to analyze systems is... . 


LOAD FACTOR, which is the ratio of the average load 
over a particular period of time to the peak load occurring 
in that period of time. 


Demand factors and diversity factors are used in system de- 
sign. For instance, the sum of the connected loads supplied 
by a feeder is multiplied by the demand factor to determine 
the load which the feeder must be sized to serve. This load is 
termed the maximum demand of the feeder. The sum of the 
maximum demand loads for a number of subfeeders divided by 
the diversity factor for the subfeeders will give the maximum 
demand load to be supplied by the feeder from which the 
subfeeders are derived. 

Tables of demand and diversity factors have been developed 
from experience with various types of load concentrations and 
various layouts of feeders and subfeeders supplying such loads. 
Article 220 of the NE Code gives a table of common demand 
factors for feeders to general lighting loads in various types of 
buildings. Typical values are given in this section. 

It is common and preferred practice in modern electrical 
design to take unity as the diversity factor in main feeders to 
load center substations to provide a measure of spare capacity. 
Main secondary feeders are also commonly sized on the full 
value of the sum of the demand loads of the subfeeders 
supplied. 

Load factors can be applied to system design when the sizes, 
duty cycles and other characteristics of connected feeder loads 
are well known. It is then possible to arrange operation of 
loads so that peak loads are satisfactorily supplied from a 
system of cables and transformers smaller than required by 
the peak. Such application is desirable only when the com- 
plete arrangement is carefully engineered, based on the 
heating-time curves of devices. 


Typical Application of Demand and 
Diversity Factors To Part of Distribution System 


(must not conflict with allowance for spare capacity) 
Connected 
loads supplied [s00Kva| 
by feeder 


Feeder to L.— Feeder to 

power load lighting combination load 
at 80% ieee at of power 7 
demand= 100% lighting at o 
240kva —— demand= demand= 350kva 
\00kva— 


Feeder to 





AGREE ERE 
a te tat 
PP sees eet ey ; 





Primary feeder 
has a demand—= 
load of 690kva, 
with unity diver- 
sity 





Sum of individual demands = 240 + 100 + 350 = 690 kva 


Sizing the substation at unity diversity, the required 


690 _ 
100 > 690 kva 


. To meet this load, use a 750-kva substation. 
if analysis dictates the use of a diversity factor of 1.4, the 
required kva = 690 _ 492 kva 

. To meet this load, use a 500-kva substation. 


1.40 
. Primary feeder to unit substation must have capacity to 
match the substation load. 


kva = 


NOTE: The kva-rating required for each of the secondary feeders 
must have a minimum value as described in the text of this 
section. And any feeder or subfeeder (even the primary 
feeder in this diagram) can be sized directly by summing 
connected loads, applying demand factors where necessary 
or desirable. 





Selection of Diversity Factors 


From power distribution practice, basic diversity factors have 
been developed. These provide general indication of the 
way in which main feeders can be reduced in capacity below 
the sum of the demands of the subfeeders they supply. 


On a radial feeder system, diversity of demands made by 
a number of transformers reduces the maximum load which the 
feeder must supply to some value less than the sum of the 
transformer loads. 


Typical diversity factors for main feeders are as follows: 
LIGHTING FEEDERS—1.10 to 1.50 
POWER AND LIGHT FEEDERS—1.50 to 2.00 (or higher) 


Selection of a diversity factor for any particular case must be 
based on study of load characteristics and operating cycles. 
Very accurate data on diversity of demands is recorded by 
operating personnel in many types of commercial and indus- 
trial buildings. 
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Overcurrent Protection for Conductors 


GENERAL APPLICATION 


A. Conductors in electric circuits must be protected 
against conditions of excessive current flow. Such pro- 
tection must be provided in accordance with the current- 
carrying capacities of the conductors, except where par- 
ticular settings or ratings of protective devices are 
required—as in the case of motor branch circuits or 
motor feeders. 


B. An overcurrent device must not be used in any per- 
manently grounded conductor—except where the device 
simultaneously opens all conductors of the circuit, where 
the electrical inspector requires it or where used for 
motor running protection. 


C. Overcurrent protection for a conductor must be lo- 
cated at the point where the conductor receives its supply. 
This means that a conductor run of a particular current- 
carrying capacity must be protected at the point at which 
it is fed by a conductor of higher current-carrying capac- 
ity. In a feeder run, then, change in conductor size (from 
larger to smaller) must be accompanied by protection for 
the smaller conductor. Exceptions to this rule are made 
in the case of taps and where the protection for the larger 


conductor meets the requirements for protection of the 
smaller conductor. 


SIZING PROTECTIVE DEVICES (not motor circuits) 


A. If the allowable current-carrying capacity of a conduc- 
tor does not correspond to the rating of a standard-size 
fuse, the next larger rating of fuse may be used—but the 
rating of the fuse must never exceed 150% of the allow- 
able current-carrying capacity of the conductor. 


B. Non-adjustable-trip circuit breakers must be rated in 
accordance with the current-carrying capacity of the con- 
ductors they protect—except that a higher-rated circuit 
breaker may be used if the carrying capacity of the con- 
ductor does not correspond to a standard unit rating. In 
such a case, the next higher standard rating and setting 
may be used if it is not in excess of 150% of the current 
rating of the conductor. Circuit breakers in the 0 to 30 
amp sizes should be of the time-delay type. 


C. Adjustable-trip circuit breakers of the thermal-trip, 
magnetic time-delay trip or instantaneous-trip types must 
be set to operate at not more than 150% of the allowable 
current-carrying capacity of the conductor. 





120-volt 20-amp circuit; 1800 watts for each 2-wire, 
120-volt 30-amp circuit; 2100 watts for each 2- 
wire, 277-volt 15-amp circuit; 2800 watts for each 
2-wire, 277-volt 20-amp circuit; 4200 watts for 
each 2-wire, 277-volt 30-amp circuit. 

2. For each multi-outlet plug receptacle branch 
circuit, allow watts equal to half the watts rating 


Subfeed Protection in Busway System 


+ 





bee Nag fe 


? Plug-in busway sub- 

feeders 

Less than 
50 ft 





_—______ 
Feeder bus | \_ ¢ 
~ Protection not required here 
for subfeeder under certain 
conditions 








| 











Protection and switching 
for buswoy feeder 


NOTE: 

Overcurrent protection—either a fused-switch or circuit breaker 
—is usually required in each subfeeder tapping power from a 
busway feeder. This is necessary to protect the lower current- 
carrying capacity of the subfeeder and should be placed at 
the point at which the subfeeder connects into the feeder. 
However, the code provides that ‘Overcurrent protection may 
be omitted at points where busways are reduced in size, pro- 
vided that the smaller busway does not extend more than 50 
ft and has a current rating at least equal to one-third the 
rating or setting of the overcurrent device next back on the 
ae 
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of the circuit, if such circuits were loaded to 50% 
of capacity, or allow watts equal to the load value 
of such circuits as used in branch circuit design. 
The minimum watts allowance for each receptacle 
circuit must equal the number of outlets times 
14 amps, times 120 volts. 

8. For each multi-outlet branch circuit supply- 
ing heavy-duty lampholders, allow watts equal to 
the load on the circuit as used in branch circuit 
design. The minimum watts allowance for each 
heavy-duty circuit must equal the number of 
outlets times 5 amps, times the circuit volts. 

4. For each multi-outlet branch circuit supply- 
ing local or special lighting, allow watts equal to 
the load on the circuit. 

5. For each individual branch circuit supplying 
a fixed appliance, allow watts equal to the rating 
of the appliance. 

6. For each individual branch circuit supplying 
an electric cooking appliance, allow watts equal 
to the watts given in Table 29 in Chapter 10 of the 
code for the particular size of cooking appliance. 

7. For each individual branch circuit supplying 
a motor, allow watts equal to 1.25 times the motor 
full-load current (from code Tables 21 to 24 ac- 
cording to the horsepower of the motor), times 
the circuit voltage. For 3-phase motors, the fore- 
going product must be multiplied by 1.732 to get 
the correct watts. Actually, the result of these 
calculations is not a watts value but a volt-ampere 
product, due to the lower-than-unity power factor 
of the motor. However, when sizing conductors 
to meet required load currents, the volt-ampere 
load should always be used for devices operating 
at less than unity pf, to assure required current 
capacity which is greater than would be required 
to supply only the watts—or effective power— 
represented by such loads. 
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General Notes on Short-Circuit Protection 


1. Under normal operation, a circuit draws current in 
proportion to the voltage applied and the impedance of 
the load. When a short circuit occurs, the source voltage 
no longer finds the normal opposition to current flow 
which the load presented. Instead, the voltage is ap- 
plied across a very low impedance “load” made up of 
the impedance of the conductors from the source of volt- 
age to the point of short-circuit fault, the impedance of 
the transformer from which the circuit is derived and any 
other impedances due to equipment interposed in the cir- 
cuit between the transformer and the point of fault. 


2. Overcurrent protective devices in circuits at all voltage 
levels must be capable of interrupting the maximum pos- 
sible short-circuit currents delivered by the system into 
a solid short on their load terminals, without destroying 
themselves in the operation. 


3. Coordinated selective protection for modern circuits 
provides fast, effective isolation of any faulted section of 
a system but does not interrupt service to any other 
section of the system. By careful study of time-current 
characteristics of protective devices, application can 
assure clearing of faults by the devices nearest to the 
faults on the supply side. 


4. “Let-through” current is another factor in effective 
application of protective devices for short-circuits. A 
given protective device may be able to safely interrupt 
the maximum short-circuit current at its point of installa- 
tion, but the time it takes to open the faulted circuit 
may be so long as to damage equipment or devices con- 
nected in series with the fault. Unless the device oper- 
ates quickly enough, severe damage can be done due to 
the tremendous rupturing stresses created by short cir- 
cuits. The system components must be related to the 
let-through current, which flows from the time the fault 
develops until the circuit is opened. Current-limiting 
fuses, for instance, open a short circuit in much less than 
a half cycle, thereby squelching let-through current. 





8. For each branch circuit supplying more than 
one motor, allow watts equal to the following 
product: take 1.25 times the full-load current 
rating of the highest rated motor; add to this the 
sum of the full-load current ratings of the other 
motors; then multiply the total sum by the circuit 
volts. Again, this product must be multiplied by 
1.732 to get the correct volt-ampere product for 
3-phase motors. 

9. For each spare branch circuit provided in the 
panelboard, allow watts equal to the values given 
above for multi-outlet general lighting branch 
circuits (see foregoing par. 1). 


Initial Feeder Capacity 


By adding up these ratings, a total of watts is 
obtained which is the initial feeder load. Of 
course, the majority of feeders used in commercial, 
institutional and industrial buildings will serve 
only a few of the above described loads. And 
feeders in different buildings will handle different 
combinations of loads. Although the table in 
Section 2203 allows limited use of demand factors 
for general lighting circuits and multi-outlet plug 
receptacle circuits, reducing the feeder design 
load, most occupancies require a demand factor 
of 100% applied to the total load obtained by 
adding up the circuit loads. 

The total load obtained above represents only 
the provision for initial branch circuit loads. 
Future utilization of the spare capacity designed 
into the branch circuits (they are loaded only to 
50%) has not yet been accounted for in the feeder. 
And no provision has been designed into the feeder 
to meet the future possibility of exceeding the 
maximum capacity of the panelboard itself, re- 
quiring additional panelboard capacity—either a 
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second panel or one new larger panel. Certainly, 
in the light of present experience with electrical 
modernization, there are many cases in which a 
little forethought and study would reveal the 
advisability of making such provisions in feeder 
capacity. Not in all cases, or even in most cases, 
but there is such a possibility; and only careful 


Simple Calculation of 
Available Short-Circuit Current 


Single-phase 
OO kg 


infinite 
capacity D/240- volt 
63 ~wire 


feeder 


Neglecting line and other impedances between the transformer and 
the fault— 
Transformer full-load secondary current 

100,000 va 


= = 417 amps 
240 v . 


Maximum short-circuit current based on transformer impedance 


100% 
= X secondary full-load current 
%Tr 


100 


Max. lye = < 417 = 16,680 amps 


The short-circuit protective device must be capable of 
safely interrupting this value of current. In a more rigorous 
analysis, this value would be reduced by all impedances in 
the circuit and would be affected by other considerations. 
Skill at detailed short-circuit analysis is essential to the mod- 
ern design engineer. 
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Modern Design Demands Careful Application of Unprotected Feeder Taps 


1. A furidamental but extremely important requirement in the 
design of electrical systems is the proper protection of cir- 
cuit conductors and equipment against overload and fault 
currents, The NE Code sets forth the basic rule for: over- 
current protection of conductors in Section 2403, which re- 
quires that a conductor be protected in accordance with its 
current-carrying capacity as given in Tables 1 and 2, Chapter 10. 
And Section 2434 requires that a conductor be protected at the 
point at which it receives its supply. 


2. Although strict compliance with the above basic rules pro- 
vides maximum protection against overloads and shorts and is 
always desired, field applications frequently make it imprac- 
tical to fully meet code requirements. In certain cases, then, 
exceptions are made to meet practical requirements, with an 
attendant reduction in the degree of safety, which must be 
realized. 


3. Exceptions to the rule for protecting conductors at their 
points of supply are made in the case of 10-foot and 25-foot 
taps from a feeder. The two tap exceptions are permitted as 
follows, without overcurrent protective devices at the point of 
supply: 


TAPS NOT OVER 10 FEET LONG may be made from feeders 
provided— 

1. The smaller conductors have a current rating not less than 
the sum of the allowable current-carrying capacities for 
the conductors of the one or more circuits or loads sup- 
plied by the tap, 

The tap does not extend beyond the switchboard, panel- 
board or control devices which it supplies, and 

The tap conductors are enclosed in conduit, EMT or 
metal gutters when not a part of the switchboard or panel- 
board. 


TAPS NOT OVER 25 FEET LONG may be made from feed- 
ers provided— 

1. The smaller conductors have a current rating at least one- 
third that of the conductors from which they are tapped, 
The tap conductors are suitably protected from mechanical 
damage, and 
The tap is terminated in a single circuit breaker or set 
of fuses which will limit the load on the tap to its allow- 
able current-carrying capacity. 


4. Application of the above tap exceptions should be made 
carefully, to effectively minimize any sacrifice in safety. 





10-Ft Busway Tap to Lighting Panelboard 
With Unprotected Conductors 


Although not required for 
protection of the 10 foot tap, 

GQ circuit breaker is required at the 
/ panel or here for protection of the 
panelboard which is supplied by 

a feeder over 200 Amps 


3-phose ,4-wire 
600-Amp buswoy 


s 


| 





4 | (1) Top length less than 10 feet does 
Four not require overcurrent protection 
No 6 Rh or , 


No 4R 2) Tap conductors must have current 


rating not less than sum of current 
ratings of circuit conductors 
supplied. 


(3) For each phase of tap here,the 
conductor must be rated for 4x15 
Amps. (There are four single—pole 
circuits supplied by each phase) Tap 
conductors must then be No.6 Rh or 
No.4 R. 


3-phase, 4 wire 
lighting ond 
appliance 
ponelboard with 12 
single-pole 15-Amp 
circuits and 100- 
Amp mains 











A common application of the 10-ft tap exception is the 
supply of panelboards from overhead conduit feeders or bus- 
ways, as shown here. The case here shows an interesting 
requirement which arises from code Section 3883. This section 
requires that lighting and appliance panelboards which are 
supplied from conductors having overcurrent protection in 
excess of 200 amps must be protected on their supply side 
by overcurrent protection rated not more than the rating of 
the panelboard main. In the case here, this protection could 
be placed at the point of tap on the busway or could bea 
fused switch or circuit breaker main in the panelboard. Such 
protection could be rated up to the 100-amp main rating, but 
would be more economical if rated at 50 or 70 amps, inasmuch 
as this would provide more protection for the assembly with- 
out exceeding the total load. And it would probably be 
more desirable to place the panel protection in a busway 
plug-in device, thereby providing the necessary panel protec- 
tion and also protecting the feeder tap. 
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at point of supply to tap conductors. 


Unprotected Busway Tap to Motor Circuit 


Cable tap box — 

No overcurrent 

plug-in protection required 
buswoy feeder / here for tap conductors 


Conduit or 











} 10-foot length of 
| unprotected feeder 
{ tap sized at 125% 
{ of motor full-load current 
rating (or as described in 
S| | branch circuit section) 


, ime |) Motor disconnecting means 
we| may be switch and fuses 
or circuit breaker—Rated 
os motor branch circuit 





i ———~ protection and suitable for 
disconnect use 


May be combination 


oes st ve ad in single 
Wotor enclosure 


LLL Mh VM hd 





An anual Case of sen Taps 


600-amp buswoy 
3-¢, 4-W, 480 volts, 


3 No.I/O and 

{| No2 in 2° Cam 
Junction 
3 No6 box 

I5- on 

Trans ormer~ 
4 No6—~ | 

120/208-volt 

3-¢ panelboard 





200-amp bus switch 
fused at 125 amps 
480-volt 
3¢ panel- 
board 


100-amp 
main CB 
in panel 
The main CB in the 120-volt panel is required by Sec. 3883-a 
because this is a lighting and appliance panelboard supplied 
by conductors having overcurrent protection in excess of 200 
amps. The No. 6 conductors from the transformer to the panel 
are protected by only the 125-amp fuses in the bus switch. 
Through the transformer this acts as protection rated at 290 
amps. The 100-amp CB protects the panel at its rating. The 
No. 6’s are unprotected tap conductors. The CB also protects 
the transformer. 
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consideration of the nature of electrical utilization 
in a particular occupancy will accurately indicate 
possible future load requirements. But certainly 
in all cases of electrical design, some spare capac- 
ity must be provided in the feeders. 

Allowance for load growth in feeders should 
begin with the spare capacity designed into the 
branch circuits. For all circuits loaded to 50% 
of capacity, it can be assumed that there is an 
allowance for growth of each circuit load by an 
amount equal to 30% of the circuit capacity. 

This allowance is based on the code limitation 
of 80% load on circuits which are in operation 
for long periods of time or on circuits which 
supply motor-operated appliances in addition to 
other appliances and/or lighting. The 30% growth 
allowance in each circuit should be converted to 
total watts figure and added to the total load on 
the feeder as calculated above. 

This grand total then represents the required 
feeder capacity to handle the full circuit load on 
the panelboard. The next step is to provide capac- 
ity in the feeder for anticipated load growth (plus 
some amount for possible unforeseen future re- 
quirements). 


Spare Feeder Capacity 


From experience, modern design practice dic- 
tates the sizing of feeders to allow increase of at 
least 50% in load on a feeder where analysis 
reveals any load growth possibilities. 

Analysis of spare capacity allowances for feed- 
ers depends upon the type of building, the work 
performed, the plans or expectations of manage- 
ment with respect to expansion of facilities or 
growth of business, the type of distribution sys- 
tem used, locations of centers of loads, perman- 
ence of various load conditions and particular 
economic conditions. 

Depending upon thorough study of all pertinent 
factors, the advisability of spare capacity can be 
determined for each feeder in a distribution sys- 
tem. But where study demands extra capacity in 
a feeder, substantial growth allowance—50%—is 
generally essential to realize the sought-after 
economy of future electrical expansion. Skimpy 
upsizing of feeder conductors or raceways has 
proved a major shortcoming of past electrical 
design work. This is particularly true in tall 
office buildings, apartment houses and other com- 
mercial buildings in which elimination of riser 
bottlenecks represents a large part of the total 
modernization cost. 

Provision of spare capacity in feeders may be 
provided in one or more of several ways. If the 
anticipated increase in feeder load is to be made 
in the near future, the extra capacity should usually 
be included in the conductor size and installed as 
part of the initial electrical system. In many 
small office or commercial buildings and apart- 
ment houses, extra capacity should automatically 
be included in the initial size of the feeder con- 
ductors, provided the size is not greater than No. 
2 after adding the 50% of extra capacity. Other 
methods of providing for growth in feeder load are 
as follows: 

1. Selection of raceways larger than required by 


the initial size and number of feeder conductors. 
With this provision, the conductors can be replaced 
with larger sizes if required at a later date. The 
advisability of this step should be carefully con- 
sidered in the case of risers or underground or 
concealed feeder raceway runs and similar cases of 
permanent installations where it will be impossible 
to add conduit runs at a later date. In some cases, 
a compromise can be made between providing spare 
capacity in the feeder conductor size and up-sizing 
the feeder raceway. 

2. Including spare raceways in which conductors 
may be installed at a later date to obtain capacity 
for load growth. Such arrangements of multiple 
raceways must be carefully laid out and related to 
the existing overall system. The types of feeder 
distribution centers or main switchboards and the 
layouts of local branch circuit panelboards must 
be able to accommodate future expansion of distri- 
bution capacity based on the use of spare raceways, 
with modification and regrouping of feeder loads. 


Selecting Conductor Sizes 


When total design watts, including all of the 
foregoing provisions, have been determined, this 


Calculating Current Which Feeder Conductors 
Must be Rated to Carry 


Load Watts —_—_ Load Volt-Amperes 
K X EX PF KXE 


K = 1 for 2-wire dc or single-phase ac 
1.73 for 3-wire, 3-phase ac 
2 for 3-wire dc or single-phase ac 
3 for 4-wire, 3-phase ac 
voltage between outside wire and neutral or, if no 
neutral exists, between any two line wires (volts) 

= current in any line wire except neutral (amperes), 

which feeder must be rated to carry (check tables 
of conductor current ratings) 


Calculating Power Loss in 
Circuit Conductors 
Assuming resistivity of conductor metal to be as follows: 


K = 12 for circuits loaded to more than 50% (copper) 
K = 11 for circuits loaded to less than 50% (copper) 
K = 18 for aluminy « 


For a 2-wire circuit (direct-current or single-phase): 


2xKXLXIt 
cM 


For a 3-wire, 3-phase circuit (assuming balanced load): 


P = 


p - 3XKXEX! 
7 cM 


in which, P_ = power lost in the circuit (watts) 
K = resistivity of conductor metal 
(circular mil-ohms /foot) 
1 = current in each wire of the circuit (amperes) 
L = one-way length of the circuit (feet) 
CM = cross-section area of each of the wires in ci- 
cular mils 


When the resistance of conductors is determined from o table, 
the power loss !s calculated from the relation 


P = IR 
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Basic Limitations on Voltage Drop 


Branch circuit 
r— voltage drop= —+ 


% (2%. max.) Panelboard, motor 


Power control center or motor 





oad- circuit protection 
Lighting and 
Branch circuit oppliance panel- 
voltage drop=!% 


‘Lighting 

load Pe Recommended 
voltage drop = 

2% trom source 

to branch circuit 

overcurrent devices 


Recommended Feeder and 
voltage drop subfeeder 
1% max (NEC-I%) |, 7 


(NEC-3%) 
| 


4 =o 








NOTES: 1. For combinations of lighting and power loads on feeders 
and branch circuits, use the voltage drop percentages for 
lighting load alone (at left above). 


The word feeder here refers to the overall run of con- 
ductors carrying power from the source to the point of 
final branch circuit distribution, including feeders, sub- 
feeders, sub-subfeeders, etc. 


The voltage drop percentages are based on nominal cir- 
cuit voltage at the source of each voltage level. Indicated 
limitations should be observed for each voltage level in 
the distribution system. 





value is then used with the voltage and other elec- 
trical characteristics of the feeder (or the total 
load in amperes can be used) to obtain the required 
current-carrying capacity of the conductors. In 
addition to circuit voltage, feeder conductor size 
for a particular total load will depend upon the 
power factor and the voltage drop in the conductors. 


An accompanying table covers the necessary ca!- 
culations for sizing feeders. In these calculations, 
and in the determination of the feeder design load, 
care should be taken to distinguish between circuit 
load values in “watts” and those in “‘volt-amperes”’. 
When load values are in watts, power factor must 
be taken into consideration. 

The size of conductors is related to total current 
values and must have capacity to carry the current 
at the given value of power factor. Of course, at 
low power factor, the conductors must have more 
current-carrying capacity to supply a particular 
load wattage than at high power factor. 

Voltage drop must be carefully considered in 
sizing feeder conductors. According to the National 
Electrical Code, size of feeder conductors must be 
such that voltage drop up to the branch circuit 
panelboards or point of branch circuit origin is 
not more than 1% for lighting loads or combined 
lighting, heating and power loads and not more 
than 3% for power or heating loads. Local codes 
may impose lower limits of voltage drop. Design 
practice finds 1% for lighting loads and 2% for 
power loads as accepted voltage drop maximums. 

Calculation of voltage drop in any set of feeders 
is described at the bottom of this page. From this 
calculation, it can be determined if the conductor 
size initially selected to handle the load will be 
adequate to maintain voltage drop within given 
limits. If it is not, the size of the conductors must 
be increased (or other steps taken where conductor 
reactance is not negligible) until the voltage drop 
is within prescribed limits. 


Feeder Neutral Load 


Section 2203-g of the code covers requirements 
for sizing the neutral conductor in a feeder. It 
states that “the neutral feeder load shall be the 
maximum unbalance” of the feeder load. 


Basic Calculations for Voltage Drop 


Two-Wire, Single-Phase Circuits: (Inductance Negligible) 
2k xXLtxi , 2 OP e 
V= ; =2R xXLxI d? = — - 
d’ Vv 
V = drop in circuit voltage (volts) 
R = resistance per foot of conductor (ohms/foot) 
| = current in conductor (amperes) 


Three-Wire, Single-Phase Circuits: (Inductance Negligible) 


ca xs 


Vv = 


V = drop between outside conductors (volts) 
| = current in more heavily loaded outside conductor 
(amperes) 


In above formulas— 


Three-Wire, Three-Phase Circuits: (Inductance Negligible) 


_%&xXIxXb 


Vv d? 


< 0.866 


V = voltage drop of 3-phase circuit 


Four-Wire, Three-Phase Balanced Circuits: 


(Inductance Negligible): 


For lighting loads: Voltage drop between one outside 
conductor and neutral equals one-half of drop calcu- 
lated by formula for 2-wire circuits. 


For motor loads: Voltage drop between any two out- 
side conductors equals 0.866 times drop determined 
by formula for 2-wire circuits. 


= one-way length of circuit (feet) 
cross-section area of conductor (circular mils) 
= resistivity of conductor metal (cir mil-ohms/ft) (k = 
12 for circuits loaded to more than 50% of allowable 
carrying capacity; k = 11 for circuits loaded less 
than 50%; k = 18 for aluminum conductor). 
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Neutral Loading Affects Conductor Derating for More-Than-Three Conductors in a Conduit 


Size of a conduit required for a group of conductors depends 
upon the, number and size of conductors. The basic code limita- 
tion on the number of conductors in conduit is given in Table 
4, Chapter 10. This is based on groups of conductors of the 
same size and covers the general use of up to nine conductors 
per conduit. 

When selecting the size of conduit, neutral conductors are in- 
cluded in the total number of conductors because they occupy 
space as well as phase conductors. A completely separate 
consideration, however is the relation of neutral conductors to 


the number of conductors which determines whether a derating 
factor must be applied to conductors in a conduit. 

Note 5 following Tables 1 and 2 in Chapter 10 advises that 
a true neutral conductor—which carries only the unbalanced 
current from other conductors—shall not be counted in deter- 
mining the current-carrying capacities of conductors in conduit 
as set forth in Note 4, preceding Note 5. This exclusion of the 
neutral when counting conductors for application of Note 4 is 
based on the heating characteristics due to loading of circuits 
with a neutral, as shown in the cases below: 


3-¢, 4-WIRE 120/208 WYE CIRCUIT LOADING 


20 amp 





B_ 208v 
V 


20 amp 





208v 


20 amp 











O amp $120v J120v 





20 amp 





CASE 2 


20 amp 





QO amp 





TRUE ered 


20 amp 





20 amp 





20 amp 





10 amp 





| 








10 amp 





20 amp 








20 amp 





NOT A 


20 amp 











TRUE NEUTRAL 





Ballast load 
20 amp 





Case 1—With balanced loads of equal power factor, there is 
no neutral current, and consequently no heating due 
to neutral. For purposes of heat derating according 
to Note 4, this circuit produces the heating effect 
of three conductors. 


Case 2—wWith two phases loaded and the third unloaded, the 
neutral carries the same as the phases, but there 
is still the heating effect of only three conductors. 


Case 3—With two phases fully loaded and the third phase 
partiaily loaded, the neutral carries the difference 


in current between the full phase value and the 
partial phase value, so that again there is the heat- 
ing effect of only three full-load phases. 


Case 4—With a balanced load of fluorescent ballasts, third 
harmonic generation causes a neutral current ap- 
proximating phase current and there will be heating 
effect of four conductors. Such a neutral conductor 
should be counted with the phase conductors when 
determining conductor derating due to conduit occu- 
pancy. 





“The maximum unbalanced load shall be the maxi- 
mum connected load between the neutral and any 
one ungrounded conductor. ...” In a 3-wire, 120- 
240-volt, single-phase feeder, the neutral must have 
a current-carrying capacity at least equal to the 
current drawn by the total 120-volt load connected 
between the more heavily loaded hot leg and the 
neutral. 

It should be noted that straight 240-volt loads, 
connected between the two hot legs, do not place 
any load on the neutral. As a result, the neutral 
conductor of such a feeder must be sized to make 
up a 2-wire 120-volt circuit with the more heavily 
loaded hot leg. Actually, the 120-volt circuit loads 
on such a feeder would be considered as balanced on 
both sides of the neutral. The neutral, then, would 
be the same size as each of the hot legs if only 
120-volt loads were supplied by the feeder. If 240- 
volt loads were also supplied, the hot legs would be 
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sized for the total load, but the neutral would be 
sized for only half of the total 120-volt load. 

Section 2203-g contains three other provisions for 
sizing neutral conductors. The first of these refers 
to electric range loads of feeders, the second refers 
to feeders of three or more wires and the third 
refers to neutral currents with balanced fluorescent 
ballast loads: 

A. When a feeder supplies electric ranges, the 
neutral conductor may be smaller than the hot 
conductors but must have a carrying capacity at 
least equal to 70% of the current capacity required 
in the ungrounded conductors to handle the load. 
Table 29 in Chapter 10 of the code gives the demand 
loads to be used in sizing feeders which supply 
electric ranges and other cooking appliances. 

B. For feeders of three or more conductors— 
3-wire, de; 3-wire, single-phase; and 4-wire, 3- 
phase—a further demand factor of 70% may be 
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Full-Size Feeder Neutral for Supply to Branch Circuits 
Serving Electric Discharge Lamp Ballasts 


In determining the neutral feeder load, the National Elec- 
trical Code permits the application of a 70% demand factor 
to that part of an unbalanced feeder load in excess of 200 
amps. This reduces the size of the neutral conductor below 
the size of the phase conductors in feeders with a maximum 
unbalanced load of more than 200 amps. The maximum un- 
balanced load is defined as the maximum connected load 
between the neutral and any one ungrounded conductor. 

But the code prohibits the use of this 70% demand when 
the feeder load consists of 50% or more of electric dis- 
charge lamp ballasts. In such feeders, the neutral conductor 
must be the same size as the phase conductors. This excep- 
tion is based on tests which show that, in a balanced circuit 
supplying ballasts, neutral current approximating the phase 
current is produced by third harmonics developed by the 
ballasts. For large fluorescent lighting loads, this factor 
affects sizing of neutrals all the way back to the service. 
It also affects rating of conductors in conduit since a circuit 
as above consists of four current-carrying wires, which re- 
quires application of 80% reduction factor. 


$h ¢8¢C Reduction in size of feeder 
neutral never permitted with 
ballast locding to 50% or more Balanced load of 


electric discharge 
of feeder capacity lamp ballasts on 
Branch circuit branch circuit 
protective devices 


gg\O-amps flowing 


anid 
ral all 


id harmonic current is 
generated by ballasts and 
flows in the neutral 























a 
3-phase, 4-wire 
feeder to lighting 
pane!board 





applied to that portion of the unbalanced load in 
excess of 200 amps. That is, in a feeder supplying 
only 120-volt loads evenly divided between each 
ungrounded conductor and the neutral, the neutral 
conductor must be the same size as each ungrounded 
conductor up to 200 amps capacity, but may be 
reduced from the size of the ungrounded conductors 
for loads above 200 amps by adding to the 200 amps 
only 70% of the amount of load current above 200 
amps in computing the size of the neutral. It should 
be noted that this 70% demand factor is applicable 
to the unbalanced load in excess of 200 amps and 
not simply to the total load, which in many cases 
may be made up of balanced 240-volt loads or 
straight 3-phase loads. Determination of required 
neutral current-carrying capacity can often be 
facilitated by vector analysis of the particular condi- 
tions involved. 

C. In a feeder supplying ballasts for electric dis- 
charge lamps, when the conductors are loaded to 
50% or more of their capacity, the neutral con- 
ductor must not be smaller than the phase con- 


Article 430 of the code covers general require- 
ments for motor feeders. Design of motor feeders 
must conform to these code requirements and must 
incorporate considerations of adequacy, flexibility, 
voltage drop and safety. Basic sizing and protec- 
tion of feeder conductors involves the following pro- 
cedures: 

1. The current-carrying capacity of feeder con- 
ductors supplying several motors must at least be 
equal to 125% of the full-load current of the high- 
est rated motor plus the sum of the full-load cur- 
rents of the other motors supplied by the feeder. 

2. The current-carrying capacity of feeder con- 
ductors supplying a single motor must at least be 
equal to 125% of the full-load current of the motor. 


ductors. This requirement is based on the empirical 
determination that, with a balanced load of ballasts 
on a feeder, harmonic currents flow in the neutral 
and that the magnitude of these currents ap- 
proaches that of the phase conductors. 

Another frequently discussed code requirement 
is that of Section 2204, covering the use of acommon 
neutral with more than one set of feeders. This 
section says that “A common neutral feeder may 
be employed for two or three sets of 3-wire feeders, 
or two sets of 4-wire feeders... .” It further states 
that “When in metal enclosures, all conductors of 
feeder circuits employing a common neutral feeder 
shall be contained within the same enclosure... .” 

A common neutral is a single neutral conductor 
used as the neutral for more than one set of feeder 
conductors. It must have current-carrying capacity 
equal to the sum of the neutral conductor capacities 
if an individual neutral conductor were used with 
each feeder set. A common neutral may be used 
only with feeders. It may never be used with 
branch circuits. 


Feeders 


3. The current-carrying capacity of feeder con- 
ductors supplying a motor load and a lighting and/ 
or appliance load must be sufficient to handle the 
lighting and/or appliance load as determined from 
the procedure for calculating size of lighting 
feeders, plus the motor load as determined from the 
previous paragraphs. 

The code permits use of demand factors for motor 
feeders—based on reduced heating of conductors 
supplying motors operating intermittently or on 
duty-cycle or motors not operating together—when 
the authority enforcing the code deems the con- 
ditions and operating characteristics suitable for 
reduced capacity feeders. Application of such de- 
mand factors must be made carefully. 
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Engineered Sizing of Motor Feeders and Mains 


Although the NEC allows sizing of motor feeders (and mains 
supplying combination power and lighting loads) on the basis 
of maximum demand running current, calculated as follows— 


Running current — (1.25 x Ir) + (DF x hh) 
where, ly = full-load current of largest motor 
DF — demand factor 
ly = sum of full-load currents of all motors except largest 


—modern design dictates use of the maximum demand starting 
current in sizing conductors for improved voltage stability on 
the feeder. This current is calculated as follows— 


Starting current = I; + (DF x I) 


where, |; = average starting current of largest motor (from 
Table 26 or 27, NEC) 


Calculation of voltage drop in such circuits can be made on 
the basis of running current. Overcurrent protection for 


grounds and sherts is sized according to the starting current 
to permit starting of motors without operation of the protec- 
tive devices. Maximum ratings or settings of overcurrent 
devices are set forth in Tables 26 and 27 of the NEC. Lower 
values may be used provided sufficient time delay is included 
in the protective devices to pass the starting current. 


NOTES: 1. Sizing and overcurrent protection for any motor 
feeder must be engineered to meet the particular 
requirements of the load. Analysis must include: 
number of motors, sizes and types of motors. duty 
cycles, simultaneous starting of a number of motors, 
short-circuit load on conductors, time-current curves 
for protective devices and possible addition of loads. 

2. Demand and diversity factors for motor feeders and 
mains must be carefully applied, with permission 
from the authority enforcing the code. 





Overcurrent Protection 


Overcurrent protection for a feeder to several 
motors must have a rating or setting not greater 
than the largest rating or setting of branch circuit 
protective device for any motor of the group plus 
the sum of the full-load currents of the other motors 
supplied by the feeder. If two or more motors of 
equal horsepower rating are the largest in the 
group, one of these should be considered as the larg- 
est for the calculation of feeder overcurrent pro- 
tection. It should be noted that, in large capacity 
installations where extra feeder capacity is pro- 
vided for load growth or future changes, the feeder 
overcurrent protection may be calculated on the 
basis of the rated current-carrying capacity of the 
feeder conductors. 

In some cases, such as where two or more motors 
on a feeder may be started simultaneously, feeder 


conductors may have to be larger than usually re- 
quired for feeders to several motors. In such cases, 
correspondingly larger ratings or settings of feeder 
overcurrent protection may be used. 

In selecting the size of feeder overcurrent pro- 
tective device, it should be noted that the NE code 
calculation is concerned with establishing a max- 
imum value. 

Protection for a feeder to both motor loads and a 
lighting and/or appliance load must be rated on 
the basis of both of these loads. The rating or set- 
ting of the overcurrent device must be sufficient to 
carry the lighting and/or appliance load plus the 
rating or setting of the motor branch circuit pro- 
tective device if only one motor is supplied, or plus 
the highest rating or setting of branch circuit pro- 
tective device for any one motor plus the sum of 
the full-load currents of the other motors, if more 
than one motor is supplied. 


Typical Calculations for Conductor Size and Overcurrent Protection of Motor Feeders 


Typical calculation of conductor size and overcurrent protec- 
tion for a feeder serving a group of motors is shown here for 
the motor circuit example given in the Branch Circuit Section. 

A feeder supplies four motors as follows: 

1—50 hp-squirrel cage induction motor (full-voltage starting) 

1—30 hp-wound-rotor induction motor 

2—10 hp-squirrel-cage induction motors (full-voltage starting) 

The feeder is a 3-phase, 440-volt, 60-cycle supply. 

From Table 24 of the code, the motors have full-load current 
ratings as follows: 

50-hp motor = 63 amps—which requires No. 3 R or No. 
4 RH branch circuit conductors. 

30 hp motor = 39 amps—which requires No. 6 R or No 6 RH 
branch circuit conductors. 

10-hp motor = 14 amps—which requires No. 12 R or No. 
12 RH branch circuit conductors. 

The feeder conductors must have a carrying capacity as 
follows: 

1.25 x 63 = 79 amps + 39 amps + (2 xX 14. amps) = 146 amps 

The feeder conductors must then be No. 3/0 R or No. 1/0 RH 


OVERCURRENT PROTECTION (From Code Table 20) 

1. The 50-hp motor must be protected at not more than 200 
amps (fuse) for branch circuit protection. 

2. The 30-hp motor must be protected at nor more than 60 
amps (fuse) for branch circuit protection. 

3. Each 10-hp motor must be protected at not more than 45 
amps (fuse) for branch circuit protection. 


Feeder Feeder 
protection: conductors: 
300-amp three 

fuses 3/oR or '/oRH 


et 





45 60 
branch | omp~ amp 
circuits fuses | fuses 


As, 9 


[0-Hp 10-Hp  30-Hp 50-Hp 


FEEDER OVERCURRENT PROTECTION 

The maximum rating or setting for the overcurrent device 
protecting such a feeder must not be greater than the largest 
rating or setting of branch circuit protective device for one 
of the motors of the group plus the sum of the full-load currents 
of the other motors. From the above, then, the maximum 
allowable size of feeder fuses is— 

200 + 39 + 14 + 14 = 267 amps, or 300-amp fuses 


NOTE: The values obtained by these calculati are mini basie 
sizes and ratings required for the given load. Use of circuit breaker 
protection would involve other calculations. And voltage drop and 
line losses would also have to be considered. Overall layout and 
cheice of equipment could also affect ultimate sizings. 
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Feeder Voltage Drop and Current Capacities for 600-Volt, Type RH Conductors 


VOLTAGE DROP AND CAPACITIES GENERAL NOTES 


60 cycle—3-phase in steel conduit (49°C temp.) Curves are for a 1-volt drop and 90% PF 
Reference: Standard Hndbk. Elect. Engrs. For any other voltage drop, ratio ordinates. 
Capacities are for Type RH 600-volt insulation. 


TYPICAL EXAMPLE 


Required: to carry 70 amps 400 ft with a maxi- 
mum of 2 volts drop, what is the wire 
size? 

a. 400 ft for 2 volts drop is the same as 
200 ft for 1-volt drop. 

b. Intersection of 70 amps and 200 ft is 
just below 400MCM. 

c. Use 400MCM conductors to assure best 
operation of the feeder. 


40 * 
Amperes 


TYPICAL EXAMPLE 


Required: to carry 200 amps 100 ft with a maxi- 
mum of 2 volts drop, what is the wire 
size? 

a. 100 ft for 2 volts drop is the same as 
50 ft for 1-volt drop. 

b. Intersection of 200 amps and 50 ft is 
just below 250MCM. 

c. Use 250MCM conductors. 









































Amperes 
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Voltage Drop 


Voltage drop and copper loss must be carefully 
taken into consideration when sizing motor feeders. 
The design percentage of tolerable voltage drop may 
vary with the particular operating conditions and 
layout of the motor loads served but must never 
exceed 3% drop from the service entrance to the 
point of origin of motor branch circuits. However, 
a maximum voltage drop of only 2% from the serv- 
ice to points of motor branch circuit protection is 
widely used for motor feeder design. 

Calculation of voltage drop should include con- 
sideration of reactance as well as resistance in the 
feeder conductors, as both contribute to the drop. 
Power factor must also be accounted for in these 
calculations. And voltage drop in a feeder must also 
be analyzed in terms of the number of motors sup- 
plied, the size of each motor and the operating duty. 

When a number of motors might be starting 
simultaneously or several motors driving sluggish 
loads might be started at or near the same time, the 
voltage drop in the feeder could be extreme unless 
its size accounted for the high load current. Of 
course, such conditions and analysis of them wiil 
often clearly indicate further sub-division or ad- 
justment of feeder loads, selection of types of 
motors to use and selection of the best types of con- 
trollers to use. The initial value of starting cur- 
rent—the locked-rotor current—must be used in 
studying the effect of motor loads on voltage drop. 


Calculating Power-Factor 
of Motor Feeder 





The power factor of a circuit supplying several motors is 
determined as follows: 


1. For each motor, multiply its horsepower by its power 
factor at 75% of rated load. 


. Add up these products for all of the motors. 


3. The sum obtained in “2” divided by the total horse- 
power connected to the circuit will give the approxi- 
mate (but accurate enough for most calculations) 
power factor of the circuit. 





Copper loss in motor feeders—the watts lost in 
the conductors due to heat developed by current 
flow through the conductors—equals the square of 
the total current drawn through the conductors 
times the total resistance of the conductors. This 
loss may frequently be substantial even when the 
voltage drop in the feeder is within recommended 
limits. 

All voltage drop studies and calculations should 
include consideration of further increasing con- 
ductor size—over that necessary to limit voltage 
drop—in order to limit copper loss. Power factor is 
related to these matters. 


Table of Design Data Used to Determine Required Capacitor PF Correction 
For Plug-In Busway to Motor Loads 


1A 146 153 
1B 150 157 
1c 185 194 
2A (30%) 220 230 
28 |(30%) 390 410 
3A 729 291 307 
38 275 110 116 87 
3c 532 213 225 168 
30 356 | 143 151 113 
4A 532 213 225 168 
48 520 208 219 163 


4c 320 128 135 100 


Busways in a modern industrial plant are used to supply 
plug-in circuits to motor loads as indicated. Total hp 
of connected motor load was determined for each bus- 
way run. A demand factor was applied based on past 
experience and metering, reducing the demand on the 
busway run. The hp ratings were then corrected for 
the efficiency of the motors, assuming 95%. This new 
total hp value was converted to kw. A corresponding 
kva value was established for 80% power factor. Re- 
active kva values were also determined. The kva and 
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75 

135 

43 45 

16 15 

80 30.5 30 
54 20.6 30 
80 30.5 30 
78 48 30 30 
48 95 29.4 18.6 30 


kvar values were established for the given kw values, 
based on an assumed power factor of 95%. The differ- 
ences in kvar were then noted for each busway to 
establish the required amount of kvar for each busway 
to bring its power factor up to about 95%. Based on 
the use of 15-kvar unit capacitors, rated at 575 volts 
for the twelve sections of 600-amp, 480-volt, 3-phase, 
4-wire busway, the total value of capacitor equipment 
for each busway is shown in the last column. Capacitor 
equipment was then mounted on the busway sections. 
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Switchboards and Panelboards 


In modern buildings, feeder distribution centers 
provide for protection and control of feeders to vari- 
ous loads. In 3-phase, 4-wire systems, both lighting 
and power feeders may originate from a single dis- 
tribution center. In those systems using separate 
power and light services, a separate distribution 
center is generally used with each type of feeder. 

Modern distribution centers for lighting and ap- 
pliance feeders include dead-front panelboards and 
dead-front switchboards. Feeders are tapped 
through fused switches or circuit breakers from 
the buses in such distribution centers. 

Distribution centers are usually supplied by the 
service conductors to buildings and contain the 
main service switches. This is the most common 
arrangement in commercial and institutional build- 
ings. In many industrial buildings, feeder distribu- 
tion centers may be supplied from transformers 
which step high-voltage distribution to utilization 
levels. 


Selection Factors 


Selection of suitable panelboards and/or switch- 
boards for feeder distribution is based on many 
factors. Manufacturers of such equipment offer a 
wealth of literature and technical data on the char- 
acteristics and application advantages of the dif- 
ferent types. 

In selecting feeder disconnect and protection 
equipment, consideration should be given to spare 
capacity in this equipment. Depending upon the 
anticipated future requirements and the manner in 
which extra capacity was included in the feeders, 
space should be provided in switchboards and/or 


feeder panelboards for additional switches or cir- 
cuit breakers or for future installation of larger 
switching and protection units. And design of the 
distribution system must integrate all provisions 
for future expansion of feeder capacities. This in- 
cludes the routing of spare feeder conduit, acces- 
sibility to feeder raceway in which capacity has 
been allowed for increase in feeder conductors, ease 
of connections in the switching and protection as- 
semblies. 

Construction of modern switchboards and feeder 
panelboards will accommodate all of these design 
provisions for load growth. Care in the selection 
of the proper type of switching and protection as- 
semblies—with buses of substantial capacity for 
future expansion of the system—is essential to 
economy of distribution design. 

Modern commercial, institutional and industrial 
buildings generally utilize dead-front switchgear of 
sectional construction. The assembly may contain 
fused switches in safety-type unit enclosures or 
unit circuit breakers. 

Selection of switchgear will depend upon voltage 
rating, ampere rating, number of phases and short- 
circuit rating. Circuit-breaker switchgear may be 
of the stationary type, in which the breakers are 
bolted to the bus and frame, or of the draw-out 
type, in which the breakers are mounted on a slide- 
out mechanism for easy removal or maintenance, 
disconnecting the breaker from the bus. Switch- 
boards may be equipped with provisions for instru- 
ment transformers and metering. Feeders from the 
switchboard may be carried directly to lighting or 
power branch circuit panelboards, to subfeeder dis- 
tribution switchboards or panelboards, to motor 


Typical Step-by-Step Calculations for a Feeder Circuit 





480v, 3¢, 3w 


: 

b.—— Fuse and switch 
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Id, dry type transformer, 480 to 120/240v, 
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Lighting panel with 17,.000-watt load 

















1. On the basis of 15-amp branch circuits, and for con- 
tinuous operation of the load, we can have as much as 
0.8 x 15 x 120 or 1440 watts per circuit. The panel will 
have to contain at least 17,000/1440 or 12 circuits. 

2. For the 17,000-watt connected load operating at 100% 
demand, the minimum capacity of secondary conductors 
will have to be 17,000/240 or 70 amps. Three No. 4 
Type R or RH in 1%-in. conduit are required. 

3. The main buses of the lighting panelboard must have 
at least 70-amp capacity. 


4. The smallest standard size transformer to be used 
here is 25 kva. Under some conditions, it might be pos- 
sible to use a 15-kva transformer operated overloaded 
during peak hours. 

5. On the basis of the 17,000-watt load, the primary 
current would be 17,000/480 or 35 amps. Two No. 8 Type 
R or RH in %-in. conduit could be used. 

6. The transformer overcurrent protective device could 
be rated as high as 250% of the rated primary current. 
The rated primary current for this transformer is 
25,000/480 or 52 amps. The transformer then can be 
protected by any protective device set or rated for not 
more than 2.5 < 52 or 130 amps. 

7. But the protection used ahead of the transformer 
must also protect the primary circuit conductors to the 
transformer and the secondary conductors to the panel. 
Maximum protection for the No. 8’s must be set at no 
more than 40 or 50 amps, depending upon type of in- 
sulation (R or RH). But a primary fuse set at more than 
35 amps would not protect the secondary No. 4’s with 
Type R insulation. Type RH No. 4’s, however, rated at 
85 amps would be protected by primary fuses rated up 
to 40 amps. Careful application of protection in such 
circuits is always required. 
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Step-by-Step Calculations for a Combination Load 


The following is a calculation procedure, based on the 
NE code, for sizing circuit elements to supply a load of— 
A. Four 3-phase, 220-volt, squirrel-cage induction 
motors, designed for 40C temperature rise, marked 
Code letter H, started across the line and rated: 
one—10-hp motor, 
one—7'2-hp motor and 
two—1¥2-hp motors; plus 
B. A 20-kw, single-phase 115-volt lighting load. 
Step 1.—Average full load currents (Table 24) 
10 hp—27 amps 
7V2 hp—22 
1% hp— 5 
Step 2.—Main feeder for motors (Section 4374) 
10: 1.25 x 27 or 33.75 amps 
7%: 22 
1¥%a:2x5 10 
Total 65.75 amps 
3 No. 6 RH (Table 1) in 1-in. conduit (Table 4) 
Step 3.—Individual branch circuits for each motor (Sec. 
4312) 
10: 1.25 x 27 or 33.75 amps 
3 No. 8 RH (Table 1) 
%-in conduit (Table 4) 
7¥2: 1.25 x 22 or 27.5 amps 
3 No. 10 RH in %-in. 
1¥%2: 1.25 x 5 or 6% amps 
3 No. 14 RH in 2-in. 


Step 4.—Motor overcurrent protection (running protec- 
tion usually thermal relays, heaters, etc in controller, 
Section 4322). Since the same 125% factor applies for 
this as it does for the individual branch circuit size cal- 
culation, the maximum rated thermal elements, etc, shall 
be for each 

10 hp: 33.75 amps 

7% hp: 27.5 

1% hp: 6.25 
Step 5.—Maximum rating of branch circuit overcurrent 
protection. Table 26 (also see Section 4342) shows for 
these motors and Code letter H a maximum of 300% 
for fuse rating, therefore for 


10 hp: 27 x 3 or 81 amps—use 100-amp block 
with three 90-amp fuses 
72: 22x 3 or 66 amps—use 100-amp block 
with three 70-amp fuses 
1%: 5x 3 or 15 amps—use 30-amp block 
with three 15-amp fuses 
Step 6.—Main motor feeder protection (Section 4362) 
10 hp: 27 x 3 or 81 (or 90) amps. 
7\: 22 
1’: 2x 5 or 10 
113 (or 122) amps. 
Use 200-amp switch with three 125-amp fuses. 
Step 7.—The following pertains to the lighting load. 
Assume this to be 115/230 single phase. The full-load 
current would be 
20-1000 or 87 amps 
Use 100-amp switch with two 90-amp fuses. 
Use three No. 3 RH in 1%-in. conduit. 


Step 8.—If these two loads will be fed from separate 
services then the above calculations are complete. If a 
combination service is to be used, since many utility com- 
panies like to feed each customer with a single service 
and thus have a single meter, then we can serve this 
customer with a 4-wire, 240-volt, delta service. This 
is obtained by increasing the size of one of the trans- 
formers in the delta bank to take care of the single 
phase load also, and using the center tap of this larger 
transformer for the neutral for the lighting load. The 
lighting load is thus fed only from two phases of the 
three phases. 

Step 9.—Motor feeder 113 amps (starting demand) 

Lighting (2 phases) 87 


200 amps 
The main switch would be a 200-amp size with two 
200-amp fuses in two phases and one 125-amp fuse in 
the third phase. 
Two main service lines would be 3/0 RH, one would be 
No. 6 RH and the neutral would be No. 3 RH. 





control centers or to individual motor loads. 

Feeder distribution panelboards are also made in 
many sizes and types, with either fuse or circuit 
breaker protection for the feeders cr subfeeders 
originating in them. Such panelboards are gener- 
ally used as the main feeder distribution center in 
small and medium sized commercial and institu- 
tional buildings and in some small industrial oc- 
cupancies. In many cases, this panelboard will con- 
tain the service disconnect and protection. 

Motor feeders may be carried to a motor control 
center, to a power panelboard, to a subfeeder switch- 
board or panel or to individual motor branch cir- 
cuits tapped from the feeder. Motor subfeeders may 
be carried to a motor control center, to a power 
panelboard or to individual motor branch circuits. 

A power panelboard is a fused-switch, circuit 


breaker or fuse panelboard from which motor 
branch circuits originate. It may only provide pro- 
tection for the branch circuit conductors; but in 
most cases, the power panel also provides disconnect 
means for each motor load. 

A motor control center is a dead-front assembly 
of cubicles, each of which contains branch-circuit 
overcurrent protection, motor disconnect means, 
motor controller and motor running overcurrent 
protection. It is a type of switchboard which con- 
tains all the protective and control means for the 
motors supplied from it. 

Selection and application of power panels and 
motor control centers should be related to future re- 
quirements. Such units must have necessary spare 
capacity in their buses and must be adapted to 
whatever change or expansion is anticipated. Lay- 
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Multiple-Conductor Makeup of 
High-Capacity Feeders 


From the code tables of current-carrying capacities of various 
sizes of conductors, it can be seen that small conductor sizes 
carry more current per circular mil of cross section than do 
large conductors. This results from rating conductor capacity 
according to temperature rise. The larger a cable, the less is 
the radiating surface per circular mil of cross section. Loss 
due to “skin effect’ (apparent higher resistance of conductors 
to alternating current than to direct current) is also higher in 
the larger conductor sizes. And larger conductors cost more 
per ampere than smaller conductors. 

All of the foregoing factors point to the advisability of using 
a number of smaller conductors in multiple to get a particular 
carrying capacity, rather than using a single conductor of that 
capacity. In many cases, multiple conductors for feeders pro- 
vide distinct operating advantages and are more economical 
than the equivalent-capacity single-conductor makeup of a 
feeder. 


The following circuit makeups represent typical consid- 
erations in the application of multiple conductor feeders: 





A 3-phase circuit of three 2000 MCM 
type R conductors in a 6-in. conduit. 
Current rating of each phase =560 
amps. 

Cross-section area per phase =3.2079 
sq. in. 





A 3-phase circuit of six 400 MCM type 
R conductors (two per phase) in a 4-in. 
conduit. 

Current rating of each phase might 
appear to be = 2 x 280 = 560 amps. 
But, because of the 80% derating 
required by Note 4 to Table 1 in Chap- 
ter 10 of the NEC. 

Current rating of each phase = 560 
80% =448 amps. 

Cross-section area per phase = 1.6730 
sq in. (two conductors). 





A 3-phase circuit of three 1000 MCM 
type R conductors in a 4-in. conduit. 
Current rating of each phase =455 
amps. 

Cross-section area per phase = 1.7531 
sq in. 





A 3-phase circuit of six 600 MCM type 
R conductors in a 5-in. conduit. 

Current rating of each phase might 
appear to be = 2355 =710 amps. 
But 80% derating must be applied be- 
cause of the number of conductors in the 
conduit. 

Current rating of each phase =710X 
80% =568 amps. 

Cross-section area per phase = 2.3880 
sq in. (two conductors). 





NOTES: 

a. Without derating for conduit occupancy, circuit 2 would 
be equivalent to circuit 1. 

b. A circuit of six 400 MCM’s can be made equivalent in 
current-carrying capacity to a circuit of three 2000 MCM’s 
by dividing the 400’s between two conduits (3 conductors/ 
3” conduit 
Circuit 2 is almost equivalent to circuit 3 in current rating. 
Circuit 4 is equivalent to circuit 1 in current rating, but 
uses less conductor copper and a smaller conduit. And the 
advantages are cbtained even with the occupancy derating. 





out of power panels and motor control centers should 
be related to voltage drop and the lengths of feeders 
versus branch circuits to motors. 


Laying Out Motor Feeders 


Layout of motor distribution systems will depend 
upon the type of building, construction character- 
istics of the building and the number, sizes and 
types of motors to be served: 

A. Miscellaneous motor loads in the majority of 
commercial and institutional buildings and in many 
industrial buildings are usually circuited from 
power panels to which feeders deliver power. This 
type of distribution is a standard method of motor 
circuiting, generally limited to handling a number 
of motors of small integral horsepower or fractional 
horsepower sizes, located in a relatively small area 
such as a fan room or pump room. 

The feeder to a power panel may be a riser in a 
multi-story commercial or institutional building, 
run from a basement switchboard. In a one-level 
industrial area, the feeder to a power panel may be 
run from a main or load-center switchboard or 
from a load-center substation in a high voltage dis- 
tribution system. In commercial and industrial 
buildings, motor feeders may be run from a main 
switchboard or a load-center substation to a motor 
control center serving a large group of motors in a 
machine room or in any compact area where the 
motors are relatively close together and close to the 
control center assembly. 

B. In industrial buildings, where a large number 
of motors are used over a large area, distribution 
of power to the individual motor loads generally fol- 
lows the method of tapping motor branch circuits 
from the feeder. As was indicated in the discussion 
of “Branch Circuits”, tapping a feeder to motor 
branch circuits may be done in several ways, by 
providing various combinations of branch circuit 
over-current protection and motor control and dis- 
connect means. 

The feeder in such a circuit-tapping arrangement 
may originate from a main switchboard or from a 
load-center substation. In multi-story buildings, 
such as office buildings or institutions, taps to motor 
branch circuits on a particular floor may be taken 
from a subfeeder originating in a loadcenter switch- 
board which is fed by a riser from the main switch- 
board in the basement. 

The feeder-tap method of supplying motor branch 
circuits is, of course, the basis for plug-in busway 
distribution to spread-out motor loads. In the sys- 
tem, the plug-in busway may be a feeder or sub- 
feeder depending upon its origin. From a main 
switchboard, it would be a feeder. From a load- 
center switchboard, it would be a subfeeder. How- 
ever, from a load-center substation, the plug-in bus- 
way would be a feeder—a secondary feeder derived 
from the transformation down from the primary 
feeder to the substation. 

Generally, layout of motor feeders should be as 
direct as possible to minimize voltage drop and 
power losses due to I°R losses in the conductors. 
Inductive reactance drop should also be checked in 
high capacity feeders. The use of multiple con- 
ductors for the makeup of high current feeders can 
reduce both the amount of wire and raceway used. 
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Load-Center Substations 


Design of electrical systems for modern indus- 
trial plants varies widely with the nature of the 
activity. However, electrical distribution within all 
industrial occupancies has the same general objec- 
tive—to get required power to load devices as eco- 
nomically and efficiently as possible. 

Design of a distribution system to meet require- 
ments of any plant or area is greatly affected by 
such considerations as: the importance of power 
continuity and the relation of power outages to 
production or processing operations; economy of 
installation and operating costs; the flexibility re- 
quirements of the particular type of industrial ac- 
tivity; safety and protection of personnel and equip- 
ment. 

Depending upon the conditions and requirements 
in any particular case, design of an industrial dis- 
tribution system may incorporate modern methods 
such as load-center distribution from unit substa- 
tions, high-voltage distribution to substations and 
alternative supply lines to each substation. The 
load-center substation is the key to this modern in- 
dustrial distribution. 

In the layout of load-center distribution, load- 
center unit substations are located in the approxi- 
mate center of the area occupied by the load devices 
supplied from the substation. Of course, the exact 
location of a substation with respect to the equip- 
ment it supplies depends upon the number and rela- 
tive sizes of the load devices and the construction 
characteristics of the building. The number of unit 
substations required in any installation will depend 
upon the total load to be served and the capacities 
of the individual unit substations. 

Each unit substation is fed by high-voltage (2400 
volts to 13,800 volts) incoming power lines, trans- 
forms the power down to low voltage (under 600 
volts) and supplies feeders to motors and other 
power loads and feeders to lighting loads, either 
directly—for 277-volt lighting—or indirectly 
through step-down transformers for 120-volt cir- 
cuits. 

The use of load-center substations allows efficient 
and economical distribution of large bulks of power 


throughout a plant. Distributing power at high 
voltages requires much lower feeder current-carry- 
ing capacities than would be required to distribute 
the same amount of power at low voltage. As a 
result, the primary feeders are relatively small in 
size and not subject to the severe voltage drop con- 
ditions which result from the use of long, low-volt- 
age but high-current feeders to load concentrations. 
And the locations of the unit substations, in the 
center of each load concentration, permit the use of 
very short secondary feeders or branch circuits to 
loads, again minimizing voltage drop and copper 
loss. 

Many advantages may be realized through the use 
of load-center distribution in industrial plants. It 
has been estimated that the savings in feeder cop- 
per alone may run as high as 20%. And other sub- 
stantial savings are effected through elimination of 
much heavy-capacity secondary switchgear. 

In addition to initial economy, load-center dis- 
tribution provides unusual flexibility and adaptabil- 
ity to expansion of facilities at a later date, offer- 
ing long range economies. The installation and 
connection of unit subs into a system is a relatively 
simple and easy matter, following manufacturer’s 
instructions and minimizing special engineering. 


Design Procedure 


Design of a load-center distribution system for 
any industrial plant begins with analysis and break- 
down of the total load within the building. From 
this study, the number and sizes of load center subs 
will be determined. 

In general, the total load in the plant is broken 
into blocks and apportioned among a number of 
unit substations. The number of unit subs selected 
for any installation must take into account certain 
facts of economy involved in equipment application. 
Typical considerations include the following: 

a. Generally, the smaller the unit sub, the more 
expensive it is per kva. 

b. The greater the number of unit subs, the 
greater the amount of primary cables. 


Basic Elements of a Typical Load-Center Substation 


The most common arrangement for the 
incoming line section of modern load- 
center substations consists of a high- 
voltage load interrupter switch, with suit- 
able power fuses for protection of the Primary feeder 
substation. In a typical case, the primary from 
feeder to the substation might originate  S¥'tChing center 
in a metalclad CB switchgear center. In| 'NCOMING 
some cases, where the primary feeder LINE SECTIONS 
switchgear is located near the unit sub 
and no other sub is fed by the feeder, 
additional protection and switching is not Power circuit 
required in the incoming line section of breaker-or 
the substation and an air-filled terminal (@)Oil cutouts-or 
chamber can satisfy incoming line require- 
ments. Where fuses cannot be coordinated chamber 
for primary transformer protection, a 
power circuit breaker is required. 


with or without 
fuses-or 
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Two Primary Circuit Layouts for Radial, Load-Center Distribution 


Power supply 


Primary feeder breaker 


Unit substation 
1 at load center 
i} 


Primary 
feeder< 








Primary switch 


Transformer 
Trans. breaker 
+Secondory 
feeder air 
circuit 
breaker 


Single Primary 


Basic radial system for high-voltage distribution with load- 
center substations. Used where the total system load to be 
served exceeds several hundred kilowatts and where the use 
of a single substation or secondary voltage service would re- 
sult in long heavy feeders with characteristic high cost, poor 
voltage regulation and low efficiency. Offers advantages of 
high voltage distribution at lowest cost. 


Power supply 


Main supply breoker 


Primary feeder breakers 


Unit substation 
at load center 





Primary feeder 




















Transformer 
Trans. breaker 
Secondary 
feeder air 
circuit 


breoker Secondary 


feeder 
Multi-Primary 


A variation on the basic system; has individual primary feeders 
to unit subs. Provides more flexible system. Reduces the effect 
of outages due to fault on primary feeder in basic system. Use 
of automatic protective devices in each primary feeder increases 
cost of system over basic system. Adaptability to load growth 
and plant changes is improved over that of the basic system 
using a single prmiary feeder. 





c. But the use of a large number of unit subs, 
each covering only a small area of load accumula- 
tion, reduces the lengths of secondary feeders. 

d. The use of a small number of very large subs, 
however, requires less primary conductors but more 
secondary conductors. 

From investigation of standard kva ratings of 


Radial System With Loop Primary 


Power supply— & Main primary feeder breaker 


at load center 











[ aes | 
Primary breakers or load-break switches 








Trans former 
Trans. breaker 
Secondary feeder 
air circuit breaker 


Secondary 
feeder 


Similar to the basic system, with the primary feeder looped 
back on itself at the point of power supply. Increases system 
reliability at slight cost increase over basic system. By the 
use of main primary feeder breakers at the source point and 
automatic sectionalizing breakers at the points of tap to 
the load-center subs, the occurrence of primary feeder faults 
will not interrupt service to any loads. By opening one of the 
sectionalizing breakers in the loop, the system may be oper- 
ated as two simple radial systems with independent primary 
feeder to each group of substations. The system is then a 
form of primary selective system. 


Unit substations 


unit subs and system costs per kva, it has been 
found that economy usually dictates the use of unit 
subs rated from 500 to 1500 kva. Maximum econ- 
omies, however, can be realized from the use of sub- 
stations rated from 750 to 1000 kva. 

A typical load-center substation contains high- 
voltage switchgear in an incoming section, a trans- 
former section in which the power is stepped to low 
voltage and a section containing switching and pro- 
tection for the outgoing secondary feeders. High- 
voltage switchgear may utilize circuit breakers or 
interrupting switches with or without power fuses. 
A number of oil-filled or dry-type transformers are 
used in unit subs, offering advantages for indoor 
and outdoor applications. Secondary switching and 
protection usually consists of completely enclosed 
assemblies of drawout type circuit breakers. 


Layout of Substations 


One of the most important considerations in the 
use of load-center substations is the layout or cir- 
cuiting arrangement used. Typical systems are: 
radial, secondary selective, primary selective and 
network. The accompanying illustrations cover the 
various systems with remarks on the application of 
each. Further information on the particular ad- 
vantages of the different system circuits can be ob- 
tained from manufacturers’ literature and from 
their application engineers. 

Of the load-center distribution systems in use to- 
day, the great majority follow a simple radial pat- 
tern or secondary selective layout. The simple 
radial system offers a high order of reliability and 
service continuity and is safe, flexible, stable and 
easy to operate and maintain. Where more flexibil- 
ity is required, use of two unit subs with a nor- 
mally open secondary tie breaker between them 
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forms a secondary selective system. A double-ended 
substation, with primary supply to each end and 
a normally open secondary tie within the assembly, 
may also be used to form a secondary selective 
system. 

In operation, each substation or each end of a 
double-ended sub operates as a straight radial sys- 
tem. If one primary feeder or transformer should 
fail or be taken out of service, the load normally 
carried on that substation or that end of a double- 
ended substation is automatically transferred to the 
still-operating substation. 

The secondary selective system represents a cost 
increase of only 5% to 15% over a simple radial 
system. It is widely used in manufacturing and 
processing plants of all types. 

Typical configurations of selective circuiting 
techniques are shown in the diagrams below. 


Primary Voltage 


Selection of the primary voltage to be used with 
a load-center distribution depends upon the avail- 
able utility lines, the total load to be supplied and 
the number of unit subs to be used. Consultation 
with the local utility is essential to selection of the 
best primary voltage. 

Primary distribution at 13.8 kv usually offers the 
best load-center design at lowest cost for very large 
industrial plants with demand load above 20,000 
kva. Between 10,000 kva and 20,000 kva, plant load 
may be economically served by either 138.8-kv or 
4160-volt primaries. For plants with demands be- 
low 10,000 kva, primary distribution at 4160 volts 
is generally recommended. 

Although 2400-volt primary distribution is ap- 
plicable to load-center distribution, the use of 4160 


Typical Selective Concepts for Substation Layouts 


0 incoming 
ory feeders 


PRIMARY SELECTIVE 

Primary-selective radial system provides choice of primary 
feeder for improved service reliability in the event of pri- 
mary feeder fault. Transfer means is provided to assure rapid 
reconnection from one primary to the other. 


Incoming primary feeders 


tT 
. 4) eres 


VYyVvy 


aba 


SPOT NETWORK 


Two or three transformers are connected to a common 
secondary bus and divide the load. Upon primary or trans- 
former fault, secondary is isolated from the faulted section 
by automatic operation of the network protector, providing 
high order of supply continuity in the event of faults. 


ELECTRICAL CONSTRUCTION AND 


SECONDARY SELECTIVE 


Secondary-selective radial system provides separate opera- 
tion of transformers and secondary bus in normal operation. 
Upon primary or transformer fault, interlocked breakers are 
arranged to serve total secondary from one transformer. 


Three incoming primary feeders 


GENERAL NETWORK 


The general form of the network system is similar to that 
at left, except that individual substations are used with 
associated network protectors and tie circuits between the 
secondary bus sections. System provides for interchange of 
power to accommodate unequal loading on the transformers. 
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Notes on Cable Terminations for 
High Voltage Feeders 


Paper-insulated cables must be terminated in potheads.* 
This requirement also extends to such cables operated under 
600 volts. 


Varnished-cambric cables should be terminated in potheads, 
but may be terminated with taped connections in dry loca- 
tions (or under 600 volts). 


Rubber-insulated cables are commonly terminated in pot- 
heads, but may be terminated without potheads in accord- 
ance with manufacturer’s instructions. 


Although many modern high voltage cables can be termi- 
nated without potheads, many engineers consider potheads 
the best termination for any high voltage cable. 


The use of potheads for cable connections to equipment 

offers a number of advantages— 

A. Seals cable ends against moisture which would damage 
the insulation, 

. Provides a compartment for surrounding the termination 
with insulating compound to increase strength of elec- 
trical insulation, 

C. Seals cable ends against loss of insulating oils, and 
D. Provides engineered support and connections. 


Stress relief cones provide protection against insulation 
failure at the terminals of shielded high voltage cables. 
Manufacturers of cable and cable terminators provide spe- 
cial kits for preparing stress relief cones for cables oper- 
ating at various high voltages. 


*A POTHEAD is a type of cable terminal which provides sealing to 
the sheath of the cable for making a moisture-proof connection be- 
tween the wires within the cable and those outside. 


Switching and Overcurrent Protection 
in Primary Distribution Systems 


Switching and short-circuit overcurrent protection for mod- 

ern high-voltage circuits—2,300 to 15,000 volts—can be pro- 

vided by: 

1. Metalclad oilless (air type) circuit breaker switchgear, 

2. Metalclad load interrupter switchgear with power fuses, 
and/or 


3. Oil-fuse cutouts 


POWER CIRCUIT BREAKERS provide load switching, short- 
circuit protection, electrical operation, adjustable tripping 
for coordinated protection schemes, quick reclosing after 
tripping and differential relay protection for transformers. 


MODERN LOAD-INTERRUPTER SWITCHGEAR can match 
the ratings and performance capabilities of power circuit 
breakers, with the exception of quick reclosing and relay 
protection, providing substantial overall economies in 
many primary applications. Quick reclosing and relay 
protection for transformers are not generally sufficiently 
important to warrant higher first cost of CB equipment. 
Conventional or current-limiting fuses may be used with 
interrupter switches. 


OIL-FUSE CUTOUTS provide switching or switching and 
short-circuit protection in primary circuits up to 8 ky, 
300 amps. They offer economical application for trans- 
former primary protection, such as in load-center sub- 
stations, in the lower capacity circuits. 





volts instead offers economy in cost of switchgear 
and requires less feeder copper to handle the same 
kva of load. Interrupting capacities are higher for 
1160-volt switchgear, thereby providing greater ex- 
pansion possibilities without future requirements 
for limiting fault currents. 

The code places a limitation on the use of high 
voltage within a building. Up to 15,000-volt lines 
may be carried through a building. When utility 
voltage is below 15 kv, the primary lines may be 
brought into the plant and carried directly to the 
unit substations, with no need for intermediate volt- 
age transformation between the service entrance 
and the subs. If, however, the utility voltage is 
above 15 kv, a voltage step-down is required before 
power lines can enter the building. 


Secondary Voltage 


Secondary voltages for feeders from unit subs to 
light and power branch circuits are selected on the 





basis of the amount and types of load devices. 

Usually, 480-volt secondary feeders are used to 
handle motor loads, with minimum copper require- 
ments. In such cases, dry-type transformers are 
fed by 480-volt feeders and step the voltage to 
single-phase 120/240 volts, or 120/208 volts, 3- 
phase, for lighting, plug receptacles and other mis- 
cellaneous loads. Use of 277-volt lighting for high- 
bay and general applications in industrial areas is 
derived directly from 480/277-volt secondary 
feeders. 

In very few cases, such as where considerably 
less than half of the total load is power, 120/208- 
volt, 3-phase, 4-wire distribution may be derived 
directly from the secondaries of unit subs and car- 
ried throughout the building. Such application is 
rare and not recommended. Savings in copper, bet- 
ter regulation of voltage, lower voltage drop and 
line losses and greater capacity for expansion favor 
the use of 480-volt secondary distribution in load- 
center systems. 


480/277-Volt Systems 


Widespread acceptance and application of indus- 
trial high voltage systems has stimulated the use 
of higher voltages in electrical systems for commer- 
cial and institutional buildings. Not too many years 
ago, 3-wire, single-phase 120/240-volt distribution 
systems and 3-phase, 4-wire 120/208-volt distribu- 
tion systems were standards for non-industrial 
buildings. Today, although these lower voltage sys- 
tems still find wide and efficient application, the 
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480Y /277-volt, 3-phase, 4-wire system is established 
as the preferred secondary-voltage system for use 
where substantial motor loads and general-area 
fluorescent lighting must be supplied, such as in- 
dustrial and large commercial buildings. 

The growth of electrical loads in commercial 
buildings was responsible for the development of 
the 480Y system which has many characteristics 
similar to industrial type systems. Air conditioning 
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Fundamentals of Overcurrent Protection for Transformers 


The code requires overcurrent protection for each trans- 
former or bank of transformers operating as a unit. Protection 
shall be provided as follows: 


1. An overcurrent protective device—rated or set at not more 
than 250% of the rated primary current—must be placed 
in the primary connection of each transformer. Such pro- 
tection, however, is not required if the overcurrent device 
protecting the primary circuit is rated or set at not more 
than 250% of the rated primary current. 


- A transformer is not required to have an individual over- 
current device in the primary connection if it has an over- 
current device—rated or set at not more than 250% of 
the rated secondary current—in the secondary connection, 
or if it is equipped with an integral thermal overload pro- 
tector. In such a case, the primary feeder overcurrent 
device must have a rating or setting at not more than six 
times the rated current of the transformer for transformers 
having not more than 6% impedance, and not more than 
four times the rated current of the transformer for trans- 
formers having more than six but not more than 10% 
impedance. 


In completely packaged, metal-clad unit substations, the 
transformer protection is provided as an integral part of the 
assembly. The switchgear and all other elements are matched 
to each other in accordance with the kva rating of the sub- 
station. 


Dry-type and other distribution transformers must be pro- 
vided with proper overcurrent protection as part of the elec- 
trical design work. The provisions of Article 450 of the code 
and manufacturers’ instructions and engineering literature 
should be consulted and carefully followed. 


Individual dry-type transformers of the general-purpose type 
—used for local mounting to serve 120-volt lighting and 
receptacle loads in 480-volt distribution systems—are generally 
protected on the primary side by either a remotely operated 
fuse-switch combination or a circuit breaker. The secondary 
side feeds directly into the branch circuit panelboard. Such 
transformers are generally mounted close to the center of 
the load they serve, require a minimum of maintenance, keep 
distribution losses to a minimum, eliminate the need for 
separate low-voltage power circuits and improve voltage regu- 
lation. They are available in ratings from 1 kva to about 
500 kva. 





loads and business and other machine loads in- 
creased the ratio of power to lighting loads, calling 
for the type of circuit treatments and layouts which 
industrial plants use to economically and efficiently 
serve heavy motor loads. 

Higher-voltage feeders to motor loads and to step- 
down transformers for lighting and receptacle cir- 
cuits proved the ideal solution. Less copper is 
needed to distribute the heavy power requirements, 


and voltage drop and other losses are effectively 
minimized. And the development of extensive lines 
of lighting equipment which operates on 277-volt 
circuits has contributed greatly to the widespread 
success of this system. 

From studies made, it has been found that a typi- 
cal 480Y system can provide savings of more than 
$25 per kva demand over a 120/208-volt system to 
handle the same load. Many installations over the 


Effective Grounding Techniques for Dry-Type Transformers in 480/277 Systems 


With the growing popularity of distribution systems 
using transformer load centers, particularly the 480/277- 
volt system, effective grounding of transformer secon- 
daries is an important consideration. The elements of 
this design matter are as follows: 

1. Any system which operates at not more than 150 volts 
to ground must be grounded. 

2. This requires the grounding of secondaries of dry-type 
transformers serving 120/208-volt, 3-phase or 120/240- 
volt, single-phase circuits for lighting and appliance out- 
lets and receptacles, at load centers throughout a build- 





120/208-volt 
3-phase, 4-wire 


Neutral san 





480 voltswam 
3-phase 


3. All code rules applying to both system and equip- 
ment grounding must be satisfied in such installations. 

4. Grounding of the secondary neutral may be made to 
the nearest water pipe anywhere in the building, pro- 
vided bonding jumpers are used to assure continuity of 
the ground path wherever the piping may be opened. 
(See NEC Sec. 2582) 

5. According to Section 2554, when a system (in this case, 


the electrically isolated circuits from the transformer 
secondary) is grounded to an electrode in a building, the 
same electrode must be used at the same point to provide 
ground connection for wire enclosures and other hous- 
ings, frames, enclosures, etc., even though the equipment 
may be grounded already through the conduit system 
supplying the transformer. By connecting the system 
neutral and the transformer frame to the same point, 
the ground return path for fault currents on the sec- 
ondary circuits is kept short to have low enough imped- 
ance and sufficient current-carrying capacity to handle 
any fault currents and to assure operation of the over- 
current devices protecting the circuits, as required by 
Section 2551 of the NE Code. 

6. Common practice with dry-type local transformers in 
many installations is to merely connect the secondary 
neutral point to the transformer frame, leaving the feed- 
er conduit to the transformer to provide the path to 
ground but depending upon the connection between neu- 
tral and frame to provide effective return for clearing 
faults. 
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Fundamentals of Grounding for Electrical Circuits 


Requirements 


All interior alternating-current wiring systems must be 
grounded if they can be so grounded that the maximum volt- 
age to ground does not exceed 150 volts. Where the maximum 
voltage to ground would be above 150 volts but not over 300 
volts, it is recommended that ac systems be grounded. Higher 
voltage ac systems may be grounded, but the code does not 
require or recommend it. 


Direct-current systems—both 2-wire and 3-wire—must also 
be grounded if the voltage to ground will not exceed 300 volts. 
A 2-wire dc system, with no more than 300 volts between 
conductors, must be grounded unless it is used for supplying 
industrial equipment in limited areas and is equipped with a 
ground detector. In a 3-wire dc system, the neutral conductor 
must be grounded. 


Article 250 of the NE code presents detailed requirements on 
grounding of electrical circuits and equipment. 


Recommendations 


Grounded neutral systems are generally recommended for 
high-voltage distribution. Although ungrounded systems do not 
undergo a power outage with only one-phase ground faults, 
the time and money spent in tracing faults indicated by ground 
detectors and other disadvantages of ungrounded systems have 
consistently favored the use of grounded neutral systems. 
Grounded systems are more economical in operation and main- 
tenance. In such a system, if a fault occurs, it is isolated 
immediately and automatically. 


Grounded neutral systems have many other advantages. The 
elimination of multiple faults caused by undetected restriking 
grounds greatly increases service reliability. The lower voltage 
to ground which results from grounding the neutral offers 
greater safety for personnel and requires lower equipment volt- 
age ratings. And on high-voltage (above 600) systems, residual 
relays can be used to detect ground faults before they become 
phase-to-phase faults which have substantial destructive ability. 





past years—in schools, office buildings, industrial 
plants, shopping centers and sports arenas—have 
convincingly proved the economic and operating ad- 
vantages of the 480/277-volt system. 


System Techniques 


The 480Y system was developed to meet the re- 
quirements of prevailing commercial building load 
conditions. 

In general, most general lighting is fluorescent 
and can be served by 277-volt circuits. Motors for 
air conditioning compressors, circulating fans, ele- 
vators and pumps make up an average load of about 
4 volt-amperes per square foot. These motors can 
be more efficiently and economically supplied at 480 
than at lower voltages, and they are less expensive 


than lower voltage motors of the same hp ratings. 
The combined power and general lighting loads 
average between 4 and 10 watts per square foot. Re- 
ceptacle and miscellaneous loads—desk lamps, local 
lights, business machines, appliances, water coolers, 
etc.—average only about 4 to 2 watts per square 
foot. 

As can be seen from the above, about 80% of a 
building load may be served directly by 480-volt 
feeders. Provision of 120-volt circuits may be made 
either by using separate 120/208-volt substations 
or by using the previously mentioned 480- to 120- 
240-volt dry-type transformers installed locally at 
the center of each concentration of 120-volt loads. 
The latter method offers greater economy, even 
when the amount of 120-volt loading is as high as 
5 watts per square foot. 


Types of Grounding 


A SERVICE OR SYSTEM ground is the inten- 
tional grounding of one conductor of the 
system to limit the maximum potential to 
ground due to normal operating voltage and 
to limit the voltage on the system due to 
lightning or other abnormal conditions, The 
neutral point of the transformer(s) or genera- 


ground. 
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AN EQUIPMENT ground is a permanent and 
continuous bonding together of conductor en- 
closures, equipment frames and other 
metallic non-current-carrying parts of the 
system to form a low-impedance path to 
ground to enable fault currents to operate 
the system overcurrent devices. 
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ground and all enclosures and 
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Notes on Equipment Ground in Grounded Systems 


1. In modern grounded wye systems, the equipment 
grounding network includes conduit, motor and trans- 
former frames, junction and pull boxes, busway en- 
closures, etc. It should be a continuous and permanent 
bonding together of all conductor enclosures, equipment 
frames and housings and other non-current-carrying parts 
of the system. 


2. The equipment ground is very important, and its 
impedance must be sufficiently low to assure operation 
of overcurrent protective devices. 


3. In a grounded system with a high-impedance equip- 
ment ground return system, a ground fault may not 
cause enough current flow to open the circuit, thereby 
placing a hazardous voltage on the equipment enclosures 
and establishing conditions for some very serious acci- 


dents. As in the case of a phase ground on an 
ungrounded system, a phase-to-phase fault must develop 
to operate the overcurrent device, with all of the atten- 
dant hazards of such conditions. 


4. For effective protection against common ground 
faults, therefore, low impedance of the equipment bond- 
ing system is more important than low impedance of the 
earth ground itself. And in long runs of magnetic 
material conductor enclosures, the ground circuit imped- 
ance should be taken as 10 times the dc resistance to 
allow for the many variables. 


5. In large-capacity systems, especially low-voltage (120 
volts) and high-current (1000 amps and up), grounding 
can be made more effective by using red lead on all 
joints in major conduit runs. 





Wiring Systems 


Although busway and interlocked armor cable 
are constantly gaining feeder applications in all 
kinds of buildings, conduit and cable feeders are 
still the most widely used in commercial, institu- 
tional and industrial buildings. 

The number of conductors permitted in a par- 
ticular size of conduit is covered in the code, in 
Tables 4, 5 and 9 for conductors all of the same size 
and in Table 11 for a combination of conductors 
of different sizes. For non-lead covered conductors, 
four or more to a conduit, the sum of the cross- 
sectional areas of the individual conductors must 
not exceed 40% of the interior cross-sectional area 
of the conduit or tubing. 

To fill conduit to the code allowance is a minimum 
practice and frequently difficult or impossible from 
the mechanical standpoint of pulling the conductors 
into the conduit, due to twisting or bending of the 
conductors within the conduit. Bigger-than-mini- 
mum conduit should generally be used to provide 


some measure of spare capacity for load growth, 
and in many cases, the conduit to be used should be 
up-sized considerably to allow future installation 
of some larger, anticipated size of conductors. 


Conduit Occupancy 


When sizing feeder conductors on the basis of the 
loads to be served, the voltage drop to be expected 
and the computed amount of spare capacity, the 
derating factors applicable to conductors in con- 
duit must be applied: 

According to Note 4 following Tables I and 2, 
“Table 1 gives the allowable current-carrying ca- 
pacity for not more than three conductors in a 
raceway or cable. If the number of conductors in a 
raceway or cable is from seven to nine, the allow- 
able current-carrying capacity of each conductor 
shall be reduced to 70% of the values in Table 1.” 
The code makes exception to derating requirements 


Cable Selection for Primary and Secondary Feeders 


CONDUCTOR SIZE is determined according to— 


A. load current to be supplied, 

B. voltage drop and regulation, 

C. temperature rise within the limitations of the insulation, 
D. reasonable energy losses, and 

E. ability to withstand short-circuit heating. 


INSULATION must be selected according to— 
For voltage up to 600: 
A. cost, 


B. temperature rise, including both ambient temperature and 
temperature due to heating effect of load, 


C. ease of installation, 

D. environment in application, such as moisture, fumes, 
chemicals, petroleum products, acids, alkalies, ett.; 

For high voltage (over 600 volts) 

A. tested and proved physical and electrical characteristics. 


PROTECTIVE COVERING must be selected according to— 
A. excellence of protection for the insulation against en- 
vironment (moisture, chemicals, acids, etc.), 
B. excellence of protection against physical damage, such 
as abrasion, impact, cutting, etc., and 
C. ability of any metallic coverings to withstand corrosion 
and electrolysis. 





NOTE: A very important consideration, indicated above, is the pro- 
vision of conductor size to meet the potential heating load of short- 
circuit currents in cables. With expanded use of circuit breaker over- 
current protection, coordination of protection from loads back to the 
source has introduced time delays in operation of overcurrent devices. 
Cables in such systems must be able to withstand any impressed short- 
circuit currents for the durations of overcurrent delay. For example, 
a motor circuit to a 100-hp motor might be required to carry as much 
as 15,000 amps for a number of seconds. To limit damage to the 
cable due to heating effect, a much larger size conductor than neces- 
sary for the load may be required. 
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ALUMINUM CONDUCTORS 


The use of aluminum conductors for large size feeders can 
often effect substantial economies in material and installation 
costs. Allowable current-carrying capacities for aluminum con- 
ductors in raceway or cable, in direct burial and in free air 
are given in Tables la and 2a, Chapter 10 of the NE Code. 
Although comparison between copper and aluminum conductors 
is usually made on the basis of current rating alone, compari- 
son on the basis of voltage drop is better because practical 
equivalents are thereby indicated. Of course, aluminum conduc- 
tors of the same current rating or voltage drop rating as cop- 
per conductors will be larger and may require a larger con- 
duit. This must be considered in economic analysis of alurm- 
num conductor application. These considerations are repre- 
sented in the following tables. 





Equivalent aluminum and copper conductors based on 
voltage drop on three single conductors enclosed in a 
magnetic conduit 80% power factor, 75°C. Copper tem- 
perature and corresponding current-carrying capacities 
at 30°C. ambient. 





Copper Conductors 


Aluminum Conductors 


Voltage Voltage 
Drop Drop 
Phase to Phase to 
Phase Am- Phase 


per peres per 
Ampere Ampere 
per per 
1000 ft 1000 ft 
1/0 232 3/0 228 
2/0 193 4/0 190 
3,0 ; 250MCM 169 
4/0 350MCM 134 
250MCM 400MCM 
350MCM 


400MCM 


5O00MCM 
600MCM 
S5OOMCM 750MCM 
600MCM 900MCM 


750MCM 1000MCM 








Conduit sizes for three conductors of 
equivalent current-carrying capacities 





Copper Aluminum 
No. 1/0 a . 3/0 
No. 2/0 - . 4/0 
No. 3/0 2" ; : 250MCM 


No. 4/0 2" 


. 3SOMCM 


No. 250MCM 2)” No. 400MCM 


No. 350MCM 3” No. 500MCM 











in the case of Wireways (Art. 362), Auxiliary Gut- 
ters (Art. 374) and Low-Energy Power, Low- 
Voltage and Signal Circuits (Art. 725). 

Wireways or auxiliary gutters may contain up 
to 30 conductors at any cross section (excluding 
signal circuits and control conductors used for start- 
ing duty only between a motor and its starter). The 
total cross-sectional area of the group of conductors 
must not be greater than 20% of the interior cross- 
sectional area of the wireway or gutter. And de- 
rating factors for more than three conductors do 
not apply. 

It should be noted that neutral conductors which 
carry only unbalanced current from phase conduct- 
ors (as in the case of normally balanced 3-wire, 
single-phase or 4-wire, 3-phase circuits) are not 
counted when determining the current derating of 
conductors on the basis of the number in a conduit, 
as just described. Of course, a neutral conductor 
used with 2-phase legs of a 4-wire, 3-phase systen: 
to make up a 3-wire feeder is not a true neutral in 
the sense of carrying only current unbalance. Such 
a neutral carries the same current as the other two 
conductors under balanced load conditions and must 
be counted as a conductor when derating more than 
three conductors in conduit. 


Types of Raceways 


Feeder conduit may be rigid conduit or electrical 
metallic tubing for 2-in. or smaller size conduit. 
Rigid metal conduit of steel or aluminum provides 
excellent mechanical protection for the conductors, 
encloses possible faults and is a low-resistance path 
to ground to assure quick operation of circuit pro- 
tective devices in the event of fault currents. EMT 
offers light weight, with ease of handling, cutting 
and bending. 

Other types of conduit and raceways have also 
found considerable application in modern electrical 
design: 

Cable troughs and cable racks are widely used for 
supporting and routing feeders in many types of 
industrial buildings. Troughs of metal mesh con- 
struction provide a sturdy, flexible system for sup- 
porting feeder cables, particularly where routing 
of the runs is devious or where provision for change 
or modification in circuiting is important. Cable 
racks are used for supporting interlocked armor 
cable feeders in many installations. They have also 
been used to support secondary feeders of neoprene- 
jacketed cables. 

Asbestos-cement ducts with feeder conductors are 
also used, offering minimum voltage drop due to 
greatly reduced conductor reactance, because of the 
absence of the core effect of magnetic conduit, which 
increases inductive reactance. 

Still another type of conduit used in modern dis- 
tribution is flexible plastic raceway. In one appli- 
cation, this type of raceway was used for both 
primary (5-kv) and secondary underground distri- 
bution. Primary circuits consisted of single-conduc- 
tor neoprene-jacketed cables in 4-in. plastic conduits 
direct-buried in a trench. It should be noted that 
the cables used in such cases are suitable for direct 
burial without raceway. The plastic conduit is used 
to afford maintenance or replacement of the in- 
stalled cables. 
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Comparison of Installed Costs of Steel and Aluminum Conduit 





500 
450 


Within the past year, substantial reduc- we 


tions in the price of aluminum conduit to 
the user have brought this product into 
direct competition with steel conduit on 


the basis of installed cost. The light 
300 
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weight of rigid aluminum conduit, one- 
third that of the same size of steel con- 





duit, provides appreciable savings in 
labor costs. The graph here compares the 
installed costs of equivalent sizes of steel 


250 





and aluminum rigid conduit, based on 
aluminum conduit costing 2% more than 
steel conduit. 





Cost-Dollars per 100 ft (based on approx. ave. labor costs) 


Busways 


One of the fastest growing applications in mod- 
ern electrical design is the busway system. Al- 
though use of busway for feeders, plug-in subfeed- 
ers and branch circuit systems has been a continuing 
industrial system development through past years, 
the use of feeder and plug-in busway in large com- 
mercial and institutional buildings is only now com- 
ing into widespread acceptance. 

Busway has proved a versatile, flexible and eco- 
nomical method of electrical distribution. Offering 
safety, reliability, ease of layout and efficient opera- 
tion, busway systems require only basic engineering 
in their design. And they are capable of carrying 
large and small blocks of power from main switch- 
boards to load centers to loads. 





! 
25 
Conduit Size-Nominal Diameter in Inches 


Although busways have broad application poten- 
tial, they are limited. The National Electrical Code 
rules that “busways may be used only for exposed 
work.” Some exception, however, has been made 
to this rule in cases where concealment is not perma- 
nent—such as above certain types of suspended 
ceilings. 

Made up of copper or aluminum busbars mounted 
on insulators within a steel housing, busways are 
factory-assembled and supplied in standard 10-ft 
sections. Busway is available in a number of types 
and sizes for use in distribution systems: 

Low-reactance, ventilated feeder busway provides 
low voltage-drop characteristics due to close spac- 
ing and special construction of the busbars which 
minimizes reactance. This type of busway is used 
for all types of high-capacity feeders and risers. 


Use of Aluminum Conduit 


Rigid aluminum conduit is available in sizes from 12-inch 
to 6-inch diameter. Aluminum EMT is available in sizes 
from 2-inch to 2-inch diameter. Standard 10-foot lengths 
are available, including ells and couplings. Typical ad- 
vantages which can be realized from use of aluminum 
conduit include: 


1. High corrosion resistance to weather and many chem- 
ical atmospheres, seldom requiring painting. 

2. Reduced voltage drop due to the non-magnetic char- 
acter of aluminum which minimizes inductive react- 
ance of enclosed conductors, offering important im- 
provement in voltage level and regulation of 60-cycle 
circuits and providing particular advantage for volt- 
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age drop reduction in high-frequency circuits, which 
have higher reactance in proportion to the frequency 
increase over 60 cps. 


Low-impedance equipment ground circuit due to the 
low resistance and corresponding high current-carry- 
ing capacity of aluminum conduit with proper term- 
inal and installation techniques, thereby eliminating 
the possibility in many cases that circuit protective 
devices might fail to operate on faults because of 
high impedance of the ground circuit. 


Lower labor requirements in installation and reduced 
support requirements for installed aluminum conduit, 
both because of its light weight. 
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Overhead Ladder-Type Racks Support Neoprene-Jacketed Cable Feeders in 
Large Exhibition Hall 


Overhead system of 
cable racks 
——— 





o —— 


Coble rack for 440v 3¢ feeders 
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/ Coble rack for 220v 3¢ feeders 


Grand Exhibition Hall 


«— Coble rack for 220/IlOv 5-wire feeders 
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Outdoor substation transformers 

















Metal enclosed switchgeor 


Switchroom 





A system of conventional neoprene power cables supported 
on a vast overhead network of steel cable racks provides flex- 
ible distribution to many local panelboards and display booths 
in a large convention hall. Power is distributed by 42 feeder 
circuits at 220 and 440 volts, supplied from three 1000-kva 
transformers. Normally conduit or wireway would be used, but 


Because of its low reactance, it has also found appli- 
cation in high frequency distribution system. 

Typical ratings on feeder busway range from 600 
amps to 4000 amps, for single-phase (2 or 2 poles) 
or 3-phase (3 or 4 poles), for 120/240-volt single- 
phase systems, for 120/208-volt or 480/277-volt 
3-phase, 4-wire systems or for 3-phase, 3-wire sys- 
tems, all up to 600 volts. Feeder busways are also 
available in weatherproof type. 

Plug-in distribution busway, with easily accessi- 
ble plug-in openings for tapping to loads directly or 
through switch and protective devices, is available 
in ratings from 225 amps to 1500 amps. 


interlocked Armor Cable 


Interlocked armor cable has been in use in elec- 
trical work for many years but is only now finding 
widespread application. 

Interlocked armor cable is available for use at 
600 volts, 5000 volts and 15000 volts. The high- 
voltage types of IA cable offer very effective use 
for primary feeders in load-center distribution sys- 


cable rack offered much higher flexibility to meet the changing 
demands of utilization in such a building. Expansion of cir- 
cuits is readily facilitated and maintenance is easy. Substan- 
tial savings in material cost and installation were also realized 
over conventional raceway. 


tems. The 600-volt class of IA cable is rapidly gain- 
ing in popularity for secondary feeder applications 
in both commercial and industrial electrical systems. 

Interlocked armor cable for secondary feeders is 
a completely flexible and protected cable assembly, 
available in sizes from No. 6 to 750 MCM, with three 
or four conductors, IA cable consists of a galva- 
nized steel, interlocked and spiralled armor wrap 
around the insulated assembly of individually- 
insulated conductors. The conductors are stranded 
and may be copper or aluminum. The armor may 
also be of aluminum or bronze. 

There are some general criteria for choosing be- 
tween IA cable and busway. Where the routing is 
devious and there are many obstructions, IA cable 
often can be used to advantage. For straight runs, 
particularly long runs of high current capacity, bus- 
way is usually better. Above 1000 amps capacity, 
busway for a feeder generally costs less. Below 500 
amps, a feeder may more economically be inter- 
locked armor cable. However, where the advantages 
of busway are required, cost is not as important 
as achieving the design objectives. 


Notes On Underground Distribution 


1. Primary and secondary distribution between buildings can 
usually be served best by underground installations for a 
number of reasons: 


A. Accident hazards are minimized and isolated. 


B. Ambient temperature is lowest and cable capacities are 
highest. 


C. Cables are not in the way as obstructions to expansion 
of buildings or as interference to operations. 


D. Appearance of installations is neater and architectural 
and landscape design is not marred by unsightly poles. 
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2. The cost of underground installations is not always justified 
under these conditions: 


A. Where chemical ingredients in the soil constitute a seri- 
ous corrosion threat to metal conduits (galvanized steel 
or aluminum). 

B. Where extensive changes or expansions of buildings or 
plants would require removal or alteration of under- 
ground feeders. 

C. Where proper installation of underground circuits is 
complicated by conditions of the ground such as ex- 
cessive rock. 
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NEW CROUSE/HINDS Electrical Connectors 


... insure foolproof polarization, errorless assem- quirements for resistance to corrosion, chemicals, 
bly, maximum interchangeability. high and low temperature, pressure, shock, vibra- 
... meet and exceed rigid military and industrial re- tion, dust, humidity, moisture, and leakage of air. 


POSITIVE POLARIZATION 


ARK-trol provides foolproof polarity. Plug can be 
mated only with the proper receptacle, and in only one 
way...the right way. Key-to-keyway shell matings 
make improper initial engagements impossible, even in 
total darkness. Contact arrangements are unsymmetrical, 
positively preventing improper mating of contacts, or 
mating of unmatched contact configurations. 


FAST, EASY, ERROR-FREE ASSEMBLY 


Insert assembly (insulators and silicone rubber wafer) 
is notched on outer diameter to prevent mismating or 
misalignment of parts. Raised key on inner wall of shells 
will not admit an insert in any but the correct position 

. . contacts cannot be inserted into an improperly posi- 
tioned assembly, due to unsymmetrical arrangement of 
contact holes. Insulators are numbered on one side only: 
no chance of reversing. One position for polarity grooves 
is standard: any of four alternate positions is available 
on request. High-grade copper alloy ‘snap-in’ contacts 
are one piece, standard pin and socket type: soldering is 
done outside, before installing contacts in assembly. Con- 
tacts are silver plated: gold plating available on request. 
Pressure lugs available to replace solder well type. 


MAXIMUM INTERCHANGEABILITY 


ARK-trol connectors are designed so that the com- 
ponents and assemblies in each diameter are inter- 
changeable and reversible . . . thus doubling the scope 
of the equipment. Both male and female shells take 
either pin or socket inserts: both plug and receptacle 
may be used ‘hot’ or ‘dead’. Pin and socket configurations 
are available in an extremely wide range. Special 
configurations and modifications supplied on request. 


TYPICAL CONFIGURATION PATTERNS OF ARK-trol CONTACT INSERTS 





ARK frol Provides Positive Seal 


against Environmental Factors 


COMPRESSED STACK’ ASSEMBLY 


Mechanical compression of insert assembly com- 

ponents is the secret of ARK-trol impenetrability. In 

Leen this assembly a silicone rubber wafer is ‘stacked’ be- 
' INSULATOR tween two rigid insulators. As the assembly is com- 
SS | pressed within the shell, the outer rim of the silicone 
“—K—O CUALEY wafer is forced against the inner wall of the plug or 
receptacle shell to form a ‘shell seal’. The wafer is also 

forced tightly against the contacts in the plastic insula- 
tors to complete the sealing action. As shell components 
are tightened, pressure upon insert assembly increases 
sealing effect . . . positively closing out water, moisture, 
dust, gas and vapor. Cushioning action of silicone wafer 
also protects against mechanical damage due to rough 


handling. 


Ce 
DA | 


SS _— WAFER 


Leack INSULATOR 


EXTRUDED ALUMINUM CONSTUCTION 


All basic shells, gland nuts, etc., are high strength 
impact extrusions of aluminum, hard coat anodized for 
resistance to corrosion and abrasion: 1800 volts are re- 
quired to penetrate this coating. The annealed aluminum 
shell has a strength approaching that of steel, with less 
than % the weight. Extrusion process insures complete 
accuracy of key-to-keyway fits. 


ELECTRICAL RATINGS 


Voltages: Military Service Ratings: A, D, E, B, C, and 
Instrument. 
NEC Rating: 600V. A.C. 

Contact Sizes: #16 to #4/0 inclusive. 


AVAILABLE IN FOUR SHELL SIZES 


ARK-trol connectors are available in 1%", 1%", 2%.” 
and 2%,” diameters. Write for Bulletin 2711, containing 
complete descriptions . . . specifications . . . configura- 
tion patterns . . . service ratings . . . for both Type RPE 
and RPC ARK-trol Electrical Connectors. 
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MAKE A FULL-CAPACITY. .. . 


SERVICE 


HE final major phase of electrical system design 
T is detailed layout of the one or more service en- 

trances required to supply the electrical system 
in a building. 

During preliminary planning for the building, 
some decision had to be made on the characteristics 
of the supply or supplies which would best carry 
the total electrical load. From study and consulta- 
tion with the local utility and/or from a knowledge 
of the available utility services and their capacities, 
the complete system “was laid out to tie into the 
utility lines. But few details other than voltage 
and phase characteristics were worked out for the 
service arrangement. 

For any building, the service consists of the con- 
ductors and equipment used to deliver electric 
energy from the utility supply lines to the interior 
distribution system. Service may be made to a 
building either overhead or underground, from a 
utility pole line or from an underground trans- 
former vault. 

Service layout includes electrical and mechanical 
factors. Conductors must be provided to connect to 
the utility source; suitable enclosure and mechani- 
cal protection for the incoming conductors must be 
considered; disconnecting means and overload and 
short-circuit protection are necessary; and meter- 
ing and grounding must be accounted for. Step-by- 
step, design of the service arrangement must cover 


LAYOUT 


these factors in their relation to such particular 
conditions as the type and size of building, require- 
ments of the National Electrical Code and local 
codes and the regulations and recommendations of 
the utility supplying the power. 


Common Demand Factors for 
Sizing Service and Main Feeders 


Range of Common 


Power Load Devices Demand Factors 





Motors for pumps, compressors, elevators, 
machine tools, blowers, etc. 


Motors for semi-continuous operations in 
various mills and process plants. 


Motors for continuous operations—as in 
textile mills. 


Arc furnaces 

Induction furnaces 

Arc welders 

Resistance welders 

Resistance heaters, ovens and furnaces 
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“How can 
safety switches 
wear out?... They 
never seem to be 
~.,. doing anything” ” 


The fact that safety switches seem to be doing nothing at all until an 
emergency arises and somebody rushes to “pull the switch” is very 
deceptive. Actually, safety switches work every minute they are in 
service, fighting the ravages of unavoidable internal heating... and 
how well they are built decides how much safety your customer has 
when he really needs it. 

Normal full-load current passing through the fuses in a safety switch 
generates considerable heat, temperatures as high as 700° F are not 
uncommon. This is not a criticism of fuses because they must operate 
close to their melting point at full load if they are to function properly 
when an overload occurs. But the continual heating of the switch 
mechanism in the confined enclosure creates a serious heat problem. 
Metal parts warp and corrode. Contacts loosen, then either weld or 
burn up. 

Cutler-Hammer engineers tackled the problem of internal heating and 
licked it. Cutler-Hammer Heat-Proof Safety Switches use only selected 
heat resistive materials and a design that conducts away the trapped 
heat. Why settle for less when Cutler-Hammer Heat-Proof Safety 
Switches cost no more. Write today for your handy selection guide, 
C-H Merchandiser, Pub. EA100- K241. Cutler-Hammer Inc., Mil- 
waukee 1, Wis. 





There's a Cutler-Hammer Heat-Proof Safety 
Switch built to serve every job requirement. 
Your careful selection guarantees your cus- 
tomer’s safety. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. ® Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 


Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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Code Limitations 


Article 230 of the code covers requirements for 
services. Typical provisions referring to design 
limitation are as follows: 

1. Although the code states that “a building shall 
be supplied through only one set of service conduc- 
tors,” there are exceptions made. If more than one 
service drop is made to a building, more than one 
set of service conductors may be used to supply the 
building. In the case of apartment houses, shop- 
ping centers and other multiple-occupancy build- 
ings, which do not have individual occupancy above 
the second floor, two or more sets of service entrance 
conductors may be tapped from a single set of 
service drop conductors or two or more sub-sets of 
service entrance conductors may be tapped from a 
single set of main service entrance conductors. 
Cases of separate light and power services to a 
single building and separate services to water 
heaters for purposes of different rate schedules are 


exceptions to the general rule of single service. 

2. Only one service drop may be used to supply 
a building from a single transformer or from a 
single secondary utility distribution system. Ex- 
ceptions to this rule are made under several con- 
ditions. If a separate service is necessary for fire 
pumps or for emergency lighting, or if the size and 
layout of the building and its load cannot be handled 
by a single service, or if the building has multiple- 
occupancy without space for service equipment ac- 
cessible to all occupants, or if an additional service 
of different voltage or other characteristics is needed 
for special classes of use, more than one service drop 
may be used. 

Particular installation and construction require- 
ments for overhead and underground services are 
covered in detail in the code. This includes wiring 
methods, construction of equipment and required 
mechanical protection for conductors. 


Sizing Service Conductors 


Sizing of service entrance conductors’ involves 
the same type of step-by-step procedure as used to 
size feeders. In general, the service entrance con- 
ductors must have a minimum current-carrying ca- 
pacity sufficient to handle the total lighting and 
power load served. 


Where the code gives demand factors to use or 
allows the use of acceptable demand factors based 
on sound engineering determination of less than 
100% demand requirement, the lighting and power 
loads may be modified in this calculation. Section 
2203 of the code gives demand factors for general 


Modern Design Elements of Secondary Voltage Services 


Service overcurrent 
protection guaranteed 
to sofely interrupt 
available short-circull 
Current at this poing 


- 
10 


Service 


building supply from 
witchboord utility 


MAXIMUM PROTECTION for service installation is assured 
by mounting service protective devices of adequate interrupt- 
ing capacity for the short-circuit duty as close as possible 
to the service terminals at the building wall. 


id side of any feeder protection 
ild cause operation of protective device 
r that feeder without operating main service 
irrent device 


Main service 


Overcurrent device 


Feeder™OVercurrent devices 


SELECTIVE PROTECTION for main switchboard and service 
should follow the characteristics described in the section on 
distribution, to minimize outage in event of faults. 


Requirements for 
either. — 
S (1) Dead front type 


Press 
ressure switch 2) Capable of inter- 


rupting 150 % 
or rated load current 
ot rated voltage 


) 30°C - maximum 
operating temp 
under load 


EFFECTIVE DISCONNECT means should be a pressure-con- 
tact switch or a circuit breaker, of suitable design for serv- 
ice application with ability to withstand possible short-circuit 
stresses at the point of its application. 


Circuit breaker 














yt Room must have 
two exit doors— 
one at each end 





SWITCHBOARD ACCESSIBILITY to provide disconnecting of 
service in the event oif fire is increased by the use of two 
separate doors, one at each of opposite ends of the room. 
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WAGNER 


Talecleig-1 6 


Type 
‘OT-+-lasaleice) e— 





Heat treated 
high capacity 
helical 

gears 


Gears are hardened 
ofter cutting, for maxi- 
mum hardness and 
accuracy, to give extra 
capacity and 
longer wear 

life. 


FOR THE 


POWER YOU WANT 
AT THE SPEED YOU NEED 


Wherever you need “‘slower than motor speeds”’ you can get positive 
speed reduction with plenty of power by using Wagner Gearmotors. 

This extension to the Wagner line provides compact motorized 
drives, with both motor and gear housing of corrosion-resistant 
cast iron. Available with the latest NEMA Frame open protected 
or totally enclosed fan-cooled motors, they combine Wagner motor 
dependability with rugged, simplified gear units to give you speed 
reduction equipment designed for greater capacity and longer life 


Positive Oil Seals 


Improved lip type 
seals are used on hori- 


in ordinary up to rough service. 

Wagner Gearmotors offer a wide variety of sizes in single, double, 
triple or quadruple reductions, horizontal or vertical foot or flange 
mountings—speeds from 74% to 780 RPM. Write for Bulletin 
MU-227. 

Whether you specify or apply power transmission equipment, your 
nearby Wagner Sales Engineer will be glad to help you select the 
right drive for your applications. 





BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wasner Electric Corporation 


6413 Plymouth Ave., St. Louis 14, Missouri. 


zontal shafts. On 
vertical output shafts, 
double mechanical 
seal with slinger and 
drain-off gives posi- 
tive protection against 
leakage. 


a 


SERVING 2 GREAT GROWTH INDUSTRIES...ELECTRICAL... AUTOMOTIVE 
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Each ungrounded service entrance 
conductor must be protected by an 
overcurrent device in series with 
the conductor. The overcurrent de- 
vice must have a rating or setting 
not higher than the allowable cur- 
rent-carrying capacity of the con- 
ductor, except as follows: 


1. If the service supplies motor 
loads, the overcurrent device may 
be rated or set in accordance with 
the required protection for a feeder 


Service Overcurrent Protection 


In this case, service conductors could be 
overloaded (up to 240 amps, if CB’s here 
are 2-pole). lf main overcurrent protection, 
rated ot 125 amps, were installed at point 
‘K’, service conductors would be protected 
against any load in excess of the calcu- 
lated demand 


No.2 RH 
1{5amps 
15/230v 
CASE 1 
This may be 
(Group of six single-pole CB’s 
or switches, or 
(2)Group of six multi-pole CB's or 


ie 
Current-carrying capacity of switches, or 


supplying several motors or for a 
feeder supplying a power and light- 
ing load. If only a single motor is 
supplied, the overcurrent protection 
should include a value of rating or 
setting equal to that used to pro- 
tect the motor branch circuit. 


this section 


2. Not more than six circuit break- 
ers or six sets of fuses may serve 
as overcurrent protection for the 
service entrance conductors. The 
accompanying diagrams indicate the 
application and protective limita- 
tions of this six subdivision method. 


CONNECTED LOAD: 
30.3kw-132 amps 


CONNECTED LOAD: 
19.5 kw-90 ames 


5-20 amp circuits 
3 for lighting 
2 for small appliances 


lighting and receptacle loads (the table listing these 
factors is given in the DISTRIBUTION section of 
this manual). Section 4316 of the code allows use of 
demand factors for motor loads, provided the factors 
are approved by the code-enforcing authority. 
Typical power-load demand factors are given in an 
accompanying box in this section. 

LIGHTING: The first step in sizing the service 
entrance conductors is determination of the total 
lighting load to be served. This figure is the sum 
of all of the individual lighting branch circuit loads, 
which were determined as part of the feeder-sizing 
procedure. 

The total lighting load in watts must not be 
smaller than the product of the total square feet 
of floor area in the building and the value of watts- 
per-square-foot given for the particular type of oc- 
cupancy in the code table in Section 2203 (or higher 
watts-per-square-foot values from accepted tables 
of unit loads). This, however, would be the barest 
minimum load figure for lighting. 

If the total sum of actual connected loads on light- 
ing branch circuits can be determined, a more ac- 
curate sizing of the service conductors will result. 
But this figure must at least be equal to the mini- 
mum watts-per-square-foot times the total floor 
area. 

DEMAND FACTORS: The second step in the 
procedure is adjustment of the total lighting load 
by use of demand factors. From the table in Sec- 


service entrance conductors 
determined by demand load, > 
calculated as described in 





oan 
Code permits use of up to six 

circuit breakers or fused switches 
as service disconnect means and 
service ovecurrent protection. Or 
one unfused main switch at point 
"A’ and six sets of fuses (for mul 
ti-wire circuits) may also sa- 


@roup of more than six single 


pole CB's or switches serving 
multi-wire circuits and arranged 
as multi-pol: devices by 
"handle ties” or other means 
to provide disconnect of all 
ungrounded conductors with 
no more than six operations 
of the hand 


tisfy code requirements on dis- 
connect ond protection 


No 3-RH 

100 amps 
115/230 v vw 
Meter gums 


4 ® Service equipment with one 
overall 100-amp main dis - 
connect ond fuse. Current 
through service conductors 
limited to 100 amperes 

@) No overall main disconnect 
and overcurrent device 
Current not limited 
240amps may flow 


lroner 
1600 
wotts 


Y))) 

TYITJ Range | Oryer 
{2kw | 47kw 
Water 
heater 
45 kw 


tion 2203, it can be seen that in the great majority 
of occupancies a demand factor of 100% is used for 
the total wattage. This follows from the reasonable 
probability that in such occupancies the entire light- 
ing load might be in operation simultaneously. 

In the case of dwelling occupancies—single resi- 
dences and apartment houses, hospitals, hotels, office 
buildings and warehouses, demand factors may be 
applied to various amounts of connected lighting 
load on the branch circuits. In those types of build- 
ings, simultaneous operation of even a large part of 
the lighting load is unlikely. The service entrance 
conductors, therefore, do not have to be able to pro- 
vide power for the entire load at once. 

The general use of a 100% demand factor for 
lighting is, however, highly recommended. Even 
where demand factors may be applied, the designer 
should relate this allowance to probable conditions 
of utilization and raise the minimum demand fac- 
tors when he thinks it necessary. In any event, the 
final total lighting load should be arrived at in these 
first two steps. 

APPLIANCES: The next load, to be added to 
the total lighting load, is the small appliance load 
to be served by convenience receptacles, In apart- 
ment houses with provisions for cooking by tenants, 
at least 2000 watts for small kitchen appliances must 
be allowed for each apartment. In hotels having 
suites with serving pantries, at least 2000 watts 
must he allowed for each suite. 
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Now you can weld a perfect, permanent 


electrical connection every time with 


... connects easily 
and economically 
to any copper 


conductor or 
steel structure 


Get a permanent 
THERMOWELD connec- 
tion quickly...never cor- 
rodes or loosens, costs 
little to install. Current- 
irrying capacity higher 
dat lammotelalelslontel em 


You can THERMOWELD almost 
all steel or copper connections, 


including... 


Weld anywhere, to cable or Pour welding powder into Close cover and ignite THERMOWELD fires every 

flat, with this compact, light- mold, tap to release starting charge with flint gun. Fast- time. Cartridges sealed in 

weight THERMOMOLD. Com charge. Unique compositior burning powder fires .every polyethylene envelopes with 

pletely self-contained f starting charge vents time. THERMOWEL reac- moisture absorbing silica gel 

needs no external source of mixing with welding pov tion forms liquid copper ee ae Beene oe 

power, no special skill der, assures positive firing which fuses conductors into Bharee eesures anion ‘= 
slag easily removed 3] ike Mi ote) o) ol) am aar- bo 


All components are available from your local Burndy distributor. Ask him or your Burndy representative for a demonstration. 


ES aed me > 59-4 


Norwalk, Connect ye: Antwerp, Belg io) cel nh comm @r-lar-ler- 
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Notes on Service Disconnecting Means 


1. Service entrance conductors must be equipped with a 
readily accessible means of disconnecting the conductors from 
their source of supply. 


2. The disconnecting means must be manually operable and 
may be a switch or circuit breaker of the air-break or oil- 
immersed type, equipped with a handle or other identified 
means of mechanical operation by hand. Electrical operation 
of the disconnect means may also be used in addition to the 
mechanical handle. Such operation can be adapted to remote 
pushbutton control to provide for opening the service when 
fire or other conditions make the mechanical handle of the 
disconnect means inaccessible. Remote electrical operation is 
required by some local codes. A typical arrangement is as 
follows: 


y Remote switch for operating 
/ main switch from outside 
/ switchboard room 


:” 


7 pacrmm 
building 
woll 





Operating 
coil of switch 
or CB ; 


MOOO WN 


» 











\ 
\ \ 
> 


= 


Moy be electric 
operated switch or 


circuit breaker switch in switchboord 


room has local manual 
operction and remote 
control from outside 
room 








Dr 


r— Service disconnecting 


3. The disconnect may consist of not more than six switches 
or six circuit breakers, in a common enclosure or individual 
enclosures, located either inside or outside the building wall 
as close as possible to the point at which the conductors 
enter the building. Single-pole switches or circuit breakers 
equipped with handle-ties may be used in groups as single 
disconnects for multi-wire circuits. Multi-pole switches and 
circuit breakers may also be used as single disconnects. The 
requirements of the code are satisfied if all of the service 
entrance conductors can be disconnected with no more than 
six operations of the hand—regardless of whether each hand 
motion operates a single-pole unit, a multi-pole unit or a 
group of single-pole units controlled by a single hand motion. 


4. Each occupant in a multiple-occupancy building must have 
access to his disconnecting means. 


5. For a group of buildings under single management, dis- 
connect means must be provided for each building. 


6. If an emergency power supply is provided to feed the con- 
ductors controlled by the service disconnecting means, the 
disconnector must be of such design that the regular supply 
is disconnected before the emergency supply is connected— 
unless special provisions are made for parallel operation and 
suitable control. 


7. Service fuses, meters, high-impedance shunt circuits (such 
as meter potential coils), supply conductors for time switches, 
surge protective capacitors, instrument transformers, light- 
ning arresters and circuits for emergency systems, fire pump 
equipment and fire alarms may be connected on the supply 
side of the disconnecting means. 





In non-dwelling occupancies, in which the load 
represented by general-purpose convenience re- 
ceptacles is not included with the lighting load, as 
it is in the case of dwelling occupancies, the sum 
of the design loads used for general-purpose (13- 
amp) receptacle branch circuits must be determined 
and added to the total lighting load. Although the 
code permits the addition of these loads to con- 
nected lighting loads and application of demand 
factors to the total, it is recommended that these 
appliance loads be taken at 100% and added to 
lighting loads only after any demand factors are 
applied. 


Special Loads 


Continuing the summation of loads to arrive at 
a total load to be supplied by the service, there are 
special loads which must be added for different types 
of buildings. 

SHOW WINDOW LIGHTING: If the occupancy 
under consideration is a store, a minimum load of 
200 watts must be allowed for each linear foot of 
show window, measured horizontally along the base. 

ELECTRIC RANGES: If the building is an 
apartment house, a total load must be added for elec- 
tric cooking ranges and appliances used in the 
building. The total range load in watts for a num- 
ber of ranges can be determined from Table 29 
in Chapter 10 of the code. This table covers ranges 
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and cooking appliances rated over 1,750 watts. 
Where ranges of less than 8.75 kw are used, the 
values of load used in calculations should not be 
less than those given in Column A of the table, to 
allow future installation of larger ranges. 

MAJOR APPLIANCES: If fixed appliances (ex- 
cepting electric cooking appliances and space heat- 
ing equipment) are part of the load in a building, 
the sum of their ratings must also be added as part 
of the total load. The ratings of these appliances 
should be readily available from the branch circuit 
design calculations, in which each fixed appliance 
was provided with an individual branch circuit. 

ELECTRIC HEATING: For electric space heat- 
ing in a building, the service entrance conductors 
must also include an amount of capacity equal to 
the sum of all of the individual connected loads on 
the system. This is equal to the sum of the unit 
heater ratings in watts. 

If some of the heating equipment is operating 
on duty cycle or intermittently or if for any reason 
all of the units will not be operating simultaneously, 
a demand factor of less than 100% may be applied 
to the total heating load. But permission of the code 
enforcing authority must be obtained. 


Adding Motor Loads 


The next load which must be accounted for in 
sizing the service conductors is the motor load. This 
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Today’s Best Lighting Value 
for Every Industrial Application 


DAY-BRITE’S NEW CFI 


CFI-25 for Rapid Start, High-Output R.S 


or Slimline Lamps 


CFI-30 for New Power-Groove 


and other Extra High-Output Lamps we 


CFI means Comfort For Industry 


25% uplight washes out harsh ceiling contrasts. ‘Up-draft" action porcelain enamel for easy cleaning. 8-foot rigid channel, one-piece 
provides more efficient self-cleaning. Center "V" and closed ends reflector for simplified installation. Spring-loaded sockets hold lamps 
for added shielding and strength. Reflection surfaces are lifetime securely, speed relamping. All this at up to 17.7% lower costl 


Get the FACTS...and the FIXTURES 


Now industrial fixture buyers can get more light aia 

with greater eye comfort at lower installed cost, \ \UPLIC 
lower operating cost, and with lower annual own- U UPLIGHT 
ing costs. Today’s lower-priced Day-Brite CFI-30, 

used with new Power-Groove lamps, actually Look for this emblem 
reduces the cost of lighting industrial areas as 
much as 54%, For detailed information, call your : ; 
Day-Brite representative listed in the Yellow offering Day-Brite 


Pages of your phone book. Comfort for Industry 
Or use the coupon below. 


displayed by Distributors 


fixtures—available now 


! 
! 
! 
! 
ob 


Day-Brite Lighting, Ine. for immediate delivery! 


6248 N. Broadway 
St. Lovis 15, Missouri 





A-120 © 1959 by Day-Brite Lighting, Inc. 


GENTLEMEN: Please send me information about Day-Brite’s 


new CFI fixture and “Operation Uplight.” aN efi cee: TRL ER 


ETT DAY-BRITE 
Title__ tne 


cae: 
Riis = : DAY-BRITE LIGHTING, INC. 


xX TURE 


Address St. Louis, Mo. + Santa Clara, Calif. 


— ee ee ee ee ee ee ee ee ee ee ee ee ee 


NATION'S LARGEST MANUFACTURER OF 
4 COMMERCIAL AND INDUSTRIAL LIGHTING EQUIPMENT 
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includes all motors supplied by the service (except- 
ing appliance motors already accounted for). 

The minimum allowance to make for the total 
motor load is equal to 125% of the rating of the 
largest motor supplied plus the sum of the ratings 
of the other motors. This is the standard feeder 
calculation for conductors supplying several motors. 

According to the code, less than 100% demand 
factor may be applied to the total motor load under 
certain conditions and with the approval of the 
authority enforcing the code. Typical conditions 
permitting use of less than 100% demand for motor 
load include those cases where reduced heating 
of conductors results from motors operating on 
duty-cycle or intermittently or from non-simul- 
taneous operation of all motors. In all such cases, 
however, the nature and size of the load must be 
carefully studied. Only sound, conservative engi- 
neering analysis is an acceptable basis for the use 
of a demand factor. 

OTHER POWER LOADS. Finally, other power 
loads not previously considered should be added to 
the total load to be supplied by the service entrance 
conductors. Here again, 100% demand should be 
used unless it can be fairly well established that 
not all of this power load will be operating at the 
same time. 


Total Load 


From the foregoing steps, a total power and light- 
ing load can be developed to use in sizing service 
entrance conductors. Of course, where separate 
power and lighting services are used, the above in- 
dicated procedure should be divided into two sepa- 
rate procedures. In any case, the load established 
will be an initial load and in many cases will be 
the minimum load to use in sizing the conductors. 

Depending upon the type of building, the size 
and type of service selected, the size and makeup 
of the total load and a study of all of these condi- 
ditions, it will often be advisable and frequently 
necessary that an allowance for 50% growth in load 
be included in the service conductors. No strict 
rule can be applied to this consideration. It is a 
matter for the individual engineer to use his knowl- 
edge and experience in allowing such extra capacity 


Emergency Systems for 
Electric Energy Supply 


In occupancies where interruption of electrical power 
supply to the building would result in panic, hazard to 
life or property or major production loss, provision 
should be made for emergency supply of power in the 
event of failure of the regular supply. Such provision 
may be made by designing an emergency system of dis- 
tribution and circuits supplied by— 


Storage batteries, 
Emergency generator set, 
Separate emergency service or 


Subservice tapped ahead of disconnect means for 
the normal service conductors. 


Detailed requirements and recommendations for emer- 
gency electrical systems are given in Article 700 of the 
NE Code. 





in the service as he thinks best for the particular 
design. Allowance for load growth should be made 
for service conductors under the same conditions 
for which growth capacity would be provided in 
feeders. 


Sum of Feeder Loads 


Although the general concept of sizing service 
presented above is suitable for all types of load con- 
centrations, it is also possible to size service en- 
trance conductors by summing feeder loads which 
are supplied directly from the service. 

In the case of separate power services, it can fre- 
quently be found by examination of the conditions 
that 100% demand of the sum of the feeder loads 
provides substantial service capacity. And in all 
cases where feeders have been sized for 100% de- 
mand of their branch circuit loads, the same 100% 
demand would have to be applied to the loads in 
computing service capacity. The result is that the 


Service Calculations for Motor and Lighting Load 


(Basic NE Code Method) 


1. Size of motor branch circuit conductors: 125% x 28 amps 
equals 35 amps. This requires No. 8’s (Sec. 4312) 

2. Size of motor branch circuit fuses: 300% x 28 amps 
equals 84 amps. This requires maximum fuse size of 90 amps 
or 100 amps. Smaller fuses, such as time-delay type, may 
be used. (Secs. 4342, 4346 and 4349) Lighting load [igi MD) 220 

3. Size of service entrance conductors: 125% x 28 amps 10 aomps/—~ ; i 3 J 
plus 80 amps (lighting load) equals 115 amps (Sec. 4315). circuit = ._ rs : Disconnect 
4. Size of main fuses: 90 amps (from 2 above) plus 80 amps 80 amps switch 5HP 
equals 170 amps. This requires maximum fuse size of 200 at 110 volts 
amps. Again, smaller fuses may and should be used where 5 Sees, 
possible to improve the overload protection on the circuit : Motor 
conductors. (Sec. 4363) mit ss protection 


200 amps or 


175 amps ~_ 200 amp serv sw 





























NOTE: Values given here may vary with characteristics of motor. — 5 HP 220v 
See Tables 26 and 27, Chapter 10, NE Code. 1% 28omps 
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CRESCENT 


Insulated Wires and Cables 


Pictured and described here are just a few of the many wires and cables 
that are made by CRESCENT. 


ABC ARMORED CABLE 


Has prefabricated breaking lines which make installing 
easier, quicker and safer. A flattened bonding wire in contact 
with the underside of each convolution of the armor assures a 
permanent low resistance of armor. 


le small peemens Bb sshieiia RR) iehoheihin dl 


SYNTHOL BUILDING WIRE — TYPE TW 


For both wet and dry locations. Insulated with a special, 
tough thermoplastic compound. High dielectric and mechani- 
eal strength. Smallest outside diameter for same conductor 
size permits more or larger conductors in same space. 


00 000 CM GO0V RH-75CorRW-60C 


ENDURITE BUILDING WIRE — TYPE RH-RW 


A dual purpose wire for either dry or wet locations. Type 
RH has a greater carrying capacity because of higher per- 
missible operating temperature, which allows use of smaller 
size cable at less cost. 





IMPERVEX TRENCHWIRE — TYPE USE-RR 
Single conductors for direct earth burial. Has a heavy Neo- 
prene Jacket over the rubber insulation. Provides low cost, 
permanent underground cable installation. 


STEEL TAPED PARKWAY CABLE 
Designed for direct earth installation without additional pro- 
tection. All standard types regularly supplied and special 
type cables made to customers’ specifications. 


IMPERIAL PORTABLE POWER CABLE 


Illustration shows Type SH-D 5000 Volt Trailing Cable for 
supplying power to electric shovels, dredges, etc. Covered with 
extremely tough Neoprene jacket. 








out 12/2 CRESCENT-TYPE UF -12/3 CRESCENT) 
— a 





TYPE UF AND TYPE NMC 


Used for direct earth burial as an underground feeder, also 
used for branch circuit wiring in damp or corrosive locations, 


BUILDING WIRE— TYPE RHW 


Braid or Neoprene covered ; 
Highest quality insulation, for use in both WET and DRY 
locations at 75° C. 


SESS CRESELES 


CRESFLEX 


Most suitable, lowest cost for rural, residential and farm 
buildings. Clean, gray paint finish. 


SERVICE CABLES — TYPE SE 


Both Style A (armored) and Style U (unarmored) are 
approved by Underwriters’ Laboratories as service entrance 
cable and may be run down the side of a building without 
additional protection, It is tamper-proof, flexible and light- 
weight, moisture-resistant and flame-retarding. 








aos 
es 
a 


NEOPRENE CRESCORD 


Heavy duty, oil-proof portable cord, Underwriters’ Laboratories 
Type SO. 


INTERLOCKED ARMOR POWER CABLE 


Provides a flexible, metal-enclosed method of wiring for 
power. 


VARNISHED CAMBRIC LEAD ENCASED CABLE 


Varnished cambric insulation has high dielectric strength and 
long life. Not affected by oils and greases. This cable is sup- 
plied with lead sheath for wet locations or weatherproof braid 
for dry locations. 


CRESCENT INSULATED WIRE & CABLE CO. 


TRENTON 5, N. J. 
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Primary and Secondary Supplies Require Coordination of Service Components 


In selecting service conductors, service disconnecting 
means and service overcurrent protection, care should 
be taken to coordinate the ratings and characteristics of 
such equipment for maximum safety. Typical consid- 
erations include the following: 


1. Continuous current rating of disconnect must be 
sufficient for full-load current, and its momentary cur- 
rent rating must be such that the device can withstand 
possible short-circuit currents for the length of time 
it takes for the circuit to be cleared. 


2. Interrupting capacity of disconnect must be sufficient 
for any possible conditions of operation. Requirements 
for interruption of loads and overloads must be related 
to time-current characteristics of service protection 
devices. On primary circuits, disconnect should usually 


be able to break full-load current up to its own rating. 
On secondary circuits, switch may need interrupting 
ability anywhere from its own current rating up to more 
than 10 times its current rating, depending upon the 
ampere-seconds calibration of the associated protec- 
tion. 


3. Protective device must be able to safely open the 
current which could be delivered into a short circuit 
on its own load terminals, and its time-current char- 
acteristic for overloads must be matched to the dis- 
connect and to devices on its load side which have to 
withstand the let-through energy of short circuits. 


4. Service busway and other service conductor arrange- 
ments must be sized and designed to assure safe appli- 
cation with the service disconnect and protection. 





service capacity works out to be equal to the sum 
of the feeders. And if feeders were sized for growth 
in the load, the summation of their carrying capaci- 
ties would contain appreciable spare capacity. 

When a total load—initial and future—has been 
established for the service entrance conductors, the 
required current-carrying capacity is easily deter- 
mined by dividing the total load in kva (or kw with 
proper correction for power factor of the load) by 
the voltage of the service. This operation is the same 
as for feeders and involves the same formulas given 
in the previous section. 

From the required current rating of conductors, 
the required size of conductors is determined. Siz- 
ing of the service neutral is also the same as for 
feeders. Use of multiple conductors per phase in- 
stead of a single large conductor, discussed in the 
previous section, offers clear advantage for makeup 
of service entrance conductors. 


High-Voltage Service 


Special design considerations are involved in lay- 
ing out high-voltage services. The utility will assist 
the designer in many of the details of such work. 
General requirements are as follows: 


— Transformers used indoors in primary sup- 
plies rated over 15,000 volts'must be installed in 
transformer vaults as described in Sections 4541 
to 4548. 

—A transformer rated up to 15,000 volts may be 
installed in a building without vault or fire-resistant 
room provided that (1) it is filled with a liquid that 
will not burn (askarels), (2) it has mechanical 
protection, (3) it is properly ventilated, and (4) 
it is inaccessible to unauthorized persons. 

— Primary switches, circuit breakers and associ- 
ated control equipment used in systems rated up to 
15,000 volts need not be installed in vaults or fire- 
resistant rooms if the equipment is constructed and 
approved for use without a vault. Manufacturers’ 
literature covers construction, operation and ap- 
plication of primary switchgear and should be fol- 
lowed closely. 

In selection of switchgear, the required inter- 
rupting capacities will be based on the short-circuit 
capacity of the supply and the impedance of the 
transformers. Discussion with utility engineers 
will assure proper selection of primary switchgear 
and secondary feeder protection to meet the avail- 
able short-circuit duty of the supply, eliminating 
hazards due to insufficient interrupting capacity. 





Seven Rules for Grounding 


Ground at power source or power sources only. See 
data on Grounds in the section on Distribution. Power 
source may be point at which utility lines come into 
building. If transformations are made to several volt- 
age levels, ground each level at the transformer sec- 
ondary. Do not ground at points of power utilization. 


On low-voltage circuits, impedance of the equipment 
ground must not limit fault current below rating of 
protective device. 


All parts of the complete system must be grounded. 
Ground at each major bus section if it is possible to 
separate each bus section. 


4. Except on low-voltage generators equipped with 
special coil bracing, generator neutrals must not be 
grounded solidly. A grounding reactor should be used 
on Y-connected low-voltage generators, and a ground- 
ing resistor on high-voltage units. 

Neutral grounded systems require overcurrent devices 
for all phases. Only two running overload relays are 
required for running protection of motors. 

If it proves economical, a grounding transformer may 
be used where a system neutral is not available. 

The service ground conductor should have a carrying 
capacity not less than 25% of the main capacity. 
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CERTIFIED 


Sola ballasts guard your reputation 
with 100-percent CBM certification. 
There is no “second line” at Sola. 


Every Sola fluorescent ballast for general-lighting service, for which a 
CBM specification exists, is a CBM-certified ballast—and then some! 
They top CBM specs by comfortable margins. You can install, furnish, 
or specify Sola knowing that reserve tolerances—conservatively engi- 
neered into every unit—assure full-rated ballast life and light output. 


Lamps and fixtures operating with cool, efficient, trouble-free Sola 
ballasts deliver all the performance demanded by their designers. The 
man who’s buying the light expects nothing less, and it’s up to the 
contractor, the fixture manufacturer, and the engineer to see that he 
gets it. Sola ballasts guard your reputation. Why not call your district 
sales engineer and get the facts. Sola Electric Co. (A Division of Basic 
Products Corporation) 4633 W. 16th Street, Chicago 50, Illinois. 


SOLA BALLASTS 
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MATCH MODERN LOADS IN ... 


RESIDENTIAL WIRING 


LECTRICAL system design for a residence fol- ; 


Pivw: the same general procedure as used for com- 
mercial or industrial design: 

1. The conditions of load must be analyzed, both 
present loads (known initial loads) and anticipated 
future loads. 

2. From this study, the number and sizes of 
branch circuits are determined. 

3. Then by combining all of the branch circuit 
loads into a single load, the requirements of the serv- 
ice entrance to handle the total load can be deter- 
mined. 

The methods and procedure for modern residential 
electrical design are revealed in the following break- 
down of these steps. The objective through the 
complete procedure is to arrive at a load-matched 
wiring system for the home—a system matched 
by today’s standards to the load represented by the 
many appliances and utilization devices which make 
for better living electrically. 


Lighting Outlets 


Based on a study of initial load requirements, the 
first step in residential design involves layout of 
outlets for fixed lighting fixtures. This includes 


kitchen lighting, hall lighting, foyer lighting, bath- 
room lighting, basement lighting, front and rear 
door lighting, garage lighting and other fixed light- 
ing units. 

Lighting layout may require selection of partic- 
ular lighting units of various sizes to meet require- 
ments of the builder or home buyer. In indicating 
these outlets on a set of floor plans for the house, 
the known or estimated watts to be served by each 
outlet should be noted. 


The next step is provision of receptacle outlets to 
afford convenient use of electrical appliances in the 
various areas of the home. Receptacles are available 
in many sizes and types. There are standard duplex 
and triplex convenience receptacles, multi-outlet 
strips and moldings with flexible arrangements of 
convenience receptacle outlets, weatherproof outlets 
with protective caps for use on outdoor patios and 
in other outdoor areas, hanger outlets for clocks 
and fans, safety receptacles for children’s rooms, 
polarized receptacles to take a grounding connec- 
tion for appliances, locking-type receptacles to hold 
plugs in the connected position and special purpose 
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FRANK ADAM 
DISTRIBUTION PANELBOARDS 


- 


PULL-OUT Off-the-shelf delivery from your local wholesaler! 
SWITCHES Just get the type and number of switches you need, plus 
the right-size enclosure, and complete the installation 

on the same day. 


Plug-in branches, used with filler spacers in enclosures 

30, 60 or larger than necessary for immediate requirements, make it 

100 amps. — easy to change switch capacities or add extra branches 
30 or 60 oo in the future. Choose from two types of plug-in 
600-v. switches—pull-out or hinged type. 


eovccoes Save time, trouble and money with @ Feeder 
HINGED TYPE Panelboards—tops in quality, safety, dependability. 
SWITCHES Your Wholesaler has them in stock. 


Six 
ENCLOSURE 
SIZES 


M , 250, 400 or 600 4 
omperes - for ade ‘ Fge« 
i kane ¢ DAM ELECTRIC COMPANY 


phase 3-wire, 3- 
phase 4-wire. 30,60, 100 or 200 amps. —250-v, P.O. BOX 357. MAIN P.O.-+ ST. LOUIS 66, MO. 


See our catclog in SWEETS 


busduct + panelboards + switchboards + service equipment + safety switches + load centers + Quikheter 
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Use These Circuits in Kitchen and Dining Areas 





Typical Circuit Number 
Load in Breaker of 
Watts Volts or Fuse Outlets Notes 














Use of more than 

one outlet is per- 
120/240 mitted, but not 

recommended. 





OVEN 
(Built in) 


Appliance may be 
120/240 direct connected. 





RANGE TOP 





Appliance may be 
120/240 . direct connected. 





RANGE TOP 


120/240 





DISHWASHER 











120 These appliances 
may be direct con- 





WASTE 
DISPOSER 


nected on a single 
circuit. Grounded 
receptacles required, 
otherwise. 





BROILER 


#12 Heavy duty appli- 
ances regularly used 





FRYER 


at one location should 
At Least have a separate 
Two circuit. Only one 
Kitchen such unit should be 





COFFEEMAKER 1000 


Appliance attached to a single 
Circuits circuit at a time. 





REFRIGERATOR 300 


2 #12 Separate circuit 
serving only re- 





FREEZER 


frigerator and 
freezer is 
2 #12 recommended. 





heavy-duty receptacles for electric ranges, dryers, 
etc. 


Layout of Receptacles 


General-purpose convenience receptacles of the 
duplex type should be laid out around the perimeters 
of living room, bedrooms and other general living 
areas. Spacing of receptacle outlets should be such 
that no point along the floor line in any usable wall 
space is more than 6 ft from a receptacle outlet in 
that space. Care should be taken to provide re- 
ceptacle outlets in smaller sections of wall space 
segregated by doors, fireplaces, bookcases or win- 
dows. In hallways, convenience receptacles should 
be spaced to provide at least one for each 20 ft 
of wall length. 

Convenience receptacles in kitchen, utility or work 
shop areas should be spaced even closer—one every 
4 ft behind work counters and benches. Spacing of 
receptacle outlets in dining rooms can be 12 ft be- 
tween receptacles. 

Other convenience receptacles should be laid out 
for specific areas of the home—the bathroom, the 


pantry, refrigerator alcove and laundry area. Only 
grounding type outlets should be.installed in laundry 
rooms, open porches, breezeways, basements, cellars, 
work shops, garages, on the exterior surfaces of 
outside walls or in like locations where the outlet 
may supply equipment used by persons standing 
on the ground or on grounded conductive materials. 
Number and positioning of these outlets must be 
determined by the designer in accordance with the 
particular architectural layout of the areas and 
with the nature of the work or activity involved. 
Over and above general-purpose outlets and con- 
venience receptacles, special-purpose outlets must be 
laid out to serve large known or anticipated appli- 
ances. The exact number of these outlets will vary 
with extent of electrical utilization. 
Special-purpose outlets must be provided for such 
appliances as electrical cooking appliances, electric 
clothes washers, electric dryers, electric ironers, 
dishwashers, food waste disposal units, water heat- 
ers, space heaters, air conditioners, heat pumps, 
fuel-fired heating units and other specific load de- 
vices. These appliances and devices should be either 
plug-connected to their supply circuits or direct- 
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connected, as indicated in the accompanying table 
of residential circuits. 


Modern Circuits 


Circuits used to supply residential electrical loads 
may be divided into six basic types as follows: 

1. 120-VOLT GENERAL PURPOSE CIRCUIT— 
two No. 12 wires—has maximum design capacity of 
2000 watts. Circuits of this type must be provided 
to handle the load of fixed lighting units through- 
out the house and the general-purpose convenience 
receptacles in areas other than the kitchen, dining, 
pantry, breakfast room, utility or laundry areas. 

2. 120-VOLT APPLIANCE CIRCUIT—two No. 
12 wires—has maximum design capacity of 2000 
watts. At least two such circuits must be provided 
to handle the appliance load in the kitchen and din- 
ing areas. All receptacles in these areas must be 
connected to such a circuit, excepting clock outlets. 

3. 120-VOLT SPECIAL PURPOSE CIRCUIT— 
two No. 12 wires—has maximum design capacity of 
2000 watts. This type of circuit is used to serve 
a single outlet (plug- or permanently-connected) 
for an individual appliance or load device. 

4. 240-VOLT SMALL CIRCUIT—three No. 12 
wires—has maximum design capacity of 4000 watts. 
This is a special-purpose circuit to serve an indivi- 


Grounding Type Convenience Receptacles 
In Residential Occupancies 
(proposed for 1959 National Electrical Code) 


Change third sentence of section 2124b to read: 


“Only grounding type outlets shall be installed in laundry 
rooms, open porches, breezeways, basements, cellars, work 
shops, garages, on the exterior surfaces of outside walls 
or in like locations where the outlet may supply equipment 
used by persons standing on the ground or on grounded con- 
ductive materials.” 


dual equipment load which is rated at less than 
16 amps. at 240 volts. 

5. 240-VOLT MEDIUM CIRCUIT—three No. 10 
wires—has maximum design capacity of 6000 watts. 
This is a special-purpose circuit to serve an in- 
dividual equipment load which is rated from 16 to 
24 amps at 240 volts. 

6. 240-VOLT LARGE CIRCUIT—three No. 6 
wires (neutral may be smaller)—has maximum 
design capacity of 10,000 watts. Or three No. 8’s 
can be used for individual loads up to 7500 watts. 
This is a special-purpose circuit to serve one or more 
electric cooking appliances rated from 24 to 44 
amps at 240 volts. 

These circuits are presented in this form to afford 


Modern Circuits for Appliance Loads 





Typical 
Load Load in 
Devices Watts 


Circuit Number 
Brea er of 


Volts Wires orFuse Outlets 





for Laundry Areas 





IRONER 


Grounding type 


2 #12 20A receptade required. 





WASHING 
MACHINE 


Grounding type 
receptacle required. 


2 #12 20A 





Appliance may be 
direct connected- 
must be grounded. 





for Other Loads 





HAND IRON 


2 #12 20A 





WATER HEATER 


Consult Utility Co. for 
load requirements 





WORKSHOP 


Separate circuit 
recommended. 





PORTABLE 
HEATER 


Should not be con- 
nected to circuit 
serving other heavy 
duty loads. 





TELEVISION 


Should not be con- 
nected to circuit 
serving appliances. 
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ONE SURE SOURCE OF SUPPLY 
for all your wire and cable needs 


Quality products, ample stocks, dependable deliveries —that’s what 
you get when you work through a Circle distributor. 

Quality products —because Circle controls every step in manufac- 
turing —from the copper, lead, and zinc mined and refined by Cerro 
de Pasco down to the finished wire and cable — 

Ample stocks —because Circle is one of the country’s largest pro- 
ducers with over a billion feet of quality building wire and cable 
rolling out of its huge plants yearly — 

All-out service —because that’s a basic policy at Circle, a policy 
which has earned Circle its reputation for giving fast, friendly, de- 
pendable service where and when it’s needed. 

Why don’t you make a Circle distributor your “one sure source of 
supply.” Many other satisfied contractors do. 


WIRE & CABLE 


a subsidiary of 
Cerro pe Pasco Corporation 
PLANTS: Maspeth and Hicksville, N. Y¥ SALES OFFICES & WAREHOUSES: in all principal cities 


RUBBER COVERED WIRES & CABLES * VARNISHED CAMBRIC CABLES * PLASTIC INSULATED CABLES 
NEOPRENE SHEATHED CABLES © “‘CIRTUBE’ EMT 





Individual Circuits for Unit Air Conditioners 





Size of 
Air Conditioner 


Circuits 
Required Remarks 





% hp 


Separate Use of 3-wire, 
Circuit 120 /240-volt circuits 
to unit conditioners 





1% hp 


offers circuit flexi- 
Separate bility for 120 or 240 
Circuit volts 





a quick and ready way to think of circuit require- 
ments. The circuits may vary somewhat from the 
indicated makeup for particular applications and 
depending upon the type of wire or cable assembly 
used for the circuiting. Ground wires must be added 
where necessary, and the use of 3-wire circuits in- 
stead of multiple 2-wire circuits—such as a single, 
3-wire 120/240-volt circuit for two kitchen appli- 
ance circuits—offers wiring economy in many cases. 
The design ratings given are based on 80% load- 
ing of circuits to assure minimum voltage drop on 
long circuits and to provide a measure of spare 
capacity. Best design practice dictates the use of 
50% fixed and regular-duty leading of general-pur- 
pose circuits to allow full and flexible use of plug- 
connected portable appliances which are used for 
short but continuous periods—like hair dryers, 
pants pressers, electric hand irons, bottle warmers, 
vacuum cleaners and similar work appliances. 


Circuit Requirements 


The requirements for branch circuiting—as set 
forth early in this manual—cover sizing of circuit 
conductors, selection and sizing of overcurrent pro- 
tective devices (selected with the panelboard to be 
used) and loading of circuits. Depending upon the 
general lighting load, the number of general-pur- 
pose receptacle outlets and the number and types 
of electrical appliances to be used, circuits can be 
laid out on the plans—using standard symbols to 
show the various circuits, outlets, switch legs, home 
runs and other data essential to properly inform 
the installer of the finished system the designer has 
in mind. 

At least one 120-volt general-purpose circuit 
should be allowed for each 500 sq ft (or fraction 
thereof, of floor space in the house (excluding 
porches, etc.). This works out to 4 watts per-sq-ft 


Sizing Service Entrance For A Modern Home 


- Calculate the load of general lighting and general- 
purpose receptacle outlets—to be served by 120- 
VOLT GENERAL PURPOSE circuits. For each 500 
sq ft of floor area in the house (excluding porches, 
garages, unused spaces and unfinished areas, etc.), 
allow one such circuit. Allow an extra circuit for 
any part of 500 sq ft left over. Multiply the re- 
quired number of circuits by 2000 to get the total 
load in watts. (It should be noted that the same 
figure could be arrived at by multiplying the total 
square feet of floor area by 4 watts per-sq-ft.) 

- Add the total circuit capacity—in watts—allowed 
for the appliance load in the kitchen, dining room, 
pantry, laundry and utility area, to be served by 
120-VOLT APPLIANCE circuits. This watts total 
can be obtained by multiplying the number of such 
circuits laid out in branch circuit design by 2000. 
Or an assumed load of 4000 watts (two appliance 
circuits) can be used when the exact number of 
such circuits is not known. 

- Take 3000 watts of the sum of Steps 1 and 2 at 
100% demand. 

Add to this figure 35% (demand) of the remainder 
from the first three steps. 

. The sum of Steps 3 and 4 is the amount of capacity 
which must be provided in the service entrance 


conductors to supply the general lighting and gen- 
eral-purpose receptacle loads. 

. Add 8000 watts for an electric range (not over 

12-kw rating). If the electric cooking appliances 
consist of a built-in oven and range top(s), Table 29 
in Chapter 10 of the code must be consulted to get 
the proper demand load. 
Add together the rated watts of all fixed appliances 
to be served by individual circuits not previously 
accounted for in the calculation. If both electric 
heating and air conditioning are to be used in the 
house, the rating in watts of only the larger of the 
two loads need be used in this total. This is due 
to non-simultaneous use of the two facilities. 

8. Get the total of: the general lighting and general- 
purpose receptacle load (from Step 5); the electric 
range demand load (from Step 6); and 100% of 
the sum of fixed appliance loads (from Step 7). 
Divide this grand total of watts by 240 (for 120/ 
240-volt, 3-wire, single-phase service) to get the 
required ampere rating of the service conductors. 

. From Table 1 in Chapter 10 of the Code, select the 
size of conductors which have the required current- 
carrying capacity. Table 4 in Chapter 10 gives the 
required size of conduit to carry the service en- 
trance conductors. 
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Electrical Code Requirements 


15 Amps., 125 Volts 


5262 
Duplex, Brown 


Specification 
Grode 


Continued from page 110 


quality wiring device  MOMEMAIN eC MIIFY 


HARVEY HUBBELL, INCORPORATED 


gineering Department 


5261 
Single, Brown 


Specification 
Grade 


COMBINATION 





5662 
Duplex, Brown 


Specification 
Grade 


Duplex, Brown 
Specification Grade 


15 Amps., 250 Volts 





“15 Amps., 250 Volts 
eh 


ae 


5661 
Single, Brown 


Specification 
Grade 


ea pe Bele Gaile) dic) felt ieil, (cael. 1m 7 


15 Amps., 125 Volts 


4700 
Duplex, Brown 


Specification 
Grade 


4710 
Single, 8rown 


Specification 
Grade 


e- 
ptt: 


15 Amps., 277 Volts 


4750 
Duplex, Brown 


Specification 
Grade 


Single, Brown 
Specification 
Pp ry 


% 
6) Grade & - ~Q) 


HARVEY HUBBELL, 


BRIDGEPORT 2, CONNECTICUT 


WIRING DEVICE OFFICE AND WAREHOUSE LOCATIONS 


Bridgeport 2, Connecticut 

State and Bostwick Streets 
Chicago 7, Illinois 

37 South Sangamon Street 


Los Angeles 12, California 
103 North Santa Fe Avenue IN CANADA: 


San Francisco, California Scarborough, Ontario, 
1675 Hudson Avenue 1160 Birchmount Road 
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Naugatuck KRALASTIC 


Rubber-Resin 





Installation of KRALASTIC pipe manufactured by 


Plastic Pipe Division, Triangle Conduit & Cable Co., Inc. 


Whole sections are easily prefabricated 
and carried to site. 


Solvent welding speeds and simplifies 
connections. 


Now Kralastic reduces radiant heating costs 
PROVED FOR 8 YEARS—I'2 MILLION FEET IN USE 


KRALASTIC®"—the plastic pipe material that has proved so 
superior in dozens of piping applications—has now made 
it possible to reduce overall radiant heating costs by an 
average of 25% ...as much as 25 cents a square foot! 

Thoroughly approved by all who have worked with it, 
including architects, heating engineers, and contractors, 
KRALASTIC has made radiant heating practical for home 
buyers and builders everywhere by providing such advan- 
tages as these: 


®@ Lower cost than any metallic coil material on the market 


® Lightweight toughness that allows whole grid sections to 
be prefabricated in the shop 


® Solvent welding for quick, sure joining on the job 


® No need for special expansion joints as with other 

materials 

Exceptional resistance to clogging 

Complete freedom from rust and corrosion 

Compatibility with standard radiant heating designs and 

techniques 

The more than I45 installations of KRALASTIC for radiant 
heating give evidence of the advantages you can expect in 
KRALASTIC pipe for potable water supplies, chemical pip- 
ing, electrical conduit, waste disposal, applications by the 
hundreds. Learn first hand the proved advantages this 
tough rubber-resin material offers you. For further infor- 
mation on KRALASTIC pipe, for expert technical assistance 
with any product application, contact us today. 


United States Rubber 


Naugatuck Chemical Division NAUGATUCK, CONNECTICUT 


534K ELM STREET 





KRALASTIC RUBBER-RESINS @ MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron - Boston - Gastonia - Chicago - LosAngeles - Memphis - NewYork - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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of floor area. And this is circuit capacity for gen- 
eral lighting and general-purpose receptacle out- 
lets. This much capacity is a minimum recommended 
amount. 

In some cases, the use of extensive general light- 
ing and special lighting effects throughout a house 
will require greater circuit capacity for the load. 
In such cases, the loads should be broken down and 
circuited carefully to assure proper loading of cir- 
cuits. 

The total general load from above must be divided 
among the number of general-purpose circuits used, 
laying out back-to-back outlets in interior partitions 
and utilizing 3-wire circuits to split-wired re- 
ceptacles to effect balanced loading. By laying out 
each circuit to serve a few of the outlets in each 
of several rooms, conforming actual positioning of 
receptacle outlets to keep each circuit lightly loaded 
when heavy utilization exists in a single room, the 
possibility of overloading either side of the 3-wire 
system can be virtually eliminated. 


Quick Calculation 
of Service Capacity 


A simplified method of calculating size of service entrance 
conductors and equipment is presented in the recently issued 
FHA Minimum Property Standards. Although this method 
provides a minimum size of service, it can be adapted to 
sizing service entrances in accordance with recommended 
standards as follows: 


1. Required capacity of service entrance may be computed 
by summing individual demand loads, as applicable for the 
particular installation, from this table: 


Diversified 
demand 
(KW) 
Basic demand 4.0 
Automatic clothes washer 6 
Dishwasher 9 
Electric range 8.0 
Electric oven, built-in... 3.6 
Electric cooking top, built-in (4 units) 4.5 
Electric clothes dryer: 
Normal 
High speed 
Electric water heater: 
High recovery 
Normal recovery 
Food freezer 
Food waste disposer 
Water pump 
Attic fan 
Electric bathroom heater (each) 
Central heating system (fuel-fired)' 
Room air conditioner (each) 
Central air conditioner’ 
* Only the larger of the heating or cooling load need be 
considered. 
* Rated kilowatts. 


WO 2 
op 


ad 
CUwWLEREOUSE 


—_ 


8 


2. Minimum size of conductors and equipment for service 
must conform to the total computed demand load: 


A. For loads up to 10-kw demand, use a No. 6 service. 

B. For loads over 10-kw but not more than 20-kw demand, 
use a No. 2 service. 

C.For loads over 20-kw demand, use a larger service, 
sized according to the procedure given in an accom- 
panying table. 


NOTE: See accompanying illustration ‘Recommended Service Layouts 
for Residential Systems.” 
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Recommended Service Layouts 


for Residential Systems 
(120/240-volt, 3-wire service) 





(0-KW CAPACITY 
60-AMP SERVICE iz - | =— 











20-KW ~ apaadis me” 
IOO-AMP SERVICE = Max 


swifch 
where 
required heater 











Kitchen 





30-KW CAPACITY 
OR 
50-AMP SERVICE 








Water 
heater 








50A 





50A 





40-KW CAPACITY nyo4/0 


OR ————_ 
200-AMP SERVICE Main 
switch 





where 50A 


required 





20A 











** 


h may be omitted if six or less main control center units are used 
31 power center panels 


trol center units may be omitted if main switch is used serving on 


g one 
panel 


Appliance Circuits 


In the kitchen and dining room areas (including 
the pantry and breakfast room), at least two 120- 
volt appliance circuits must be provided. One or 
more such circuits must also be provided for the 
laundry area, depending upon the location and the 
total load; and the utility or work room should have 
one or more circuits of this type. Other appliance 
circuits are described on the previous pages. 

Other circuit requirements for a typical house are 
given in accompanying tables which cover complete 
data for each type of appliance or device. 


Service Entrance 


Calculation of the size of service entrance con- 
ductors and layout of the service equipment and dis- 
tribution equipment (either a single load center in 
the basement or garage, combined with or adjacent 
to the service equipment, or one or more local power 
centers on the upper floors of the house in addition 
to the service entrance panelboard) are made from 
study of the load and branch circuit provisions. 
Two procedures for sizing service entrances are 
given in this section. These procedures are not sub- 
stitutes for engineering design of the branch circuit 
system supplied from the service entrance. 
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SPANG STANDARD UNDERFLOOR DUCT 


a 





ic-tmmotolal ds Jahdlolal tM it toMotelal big *ioadlola) 


SPANG INDUSTRIAL DUCT 
for conventional siab construction 


SPANG HEADERDUCT 
for use with cellular fioor construction 


WITH SPANG 
UNDERFLOOR DUCT SYSTEMS 


Your choice of three systems to suit 
your construction requirements. New 
engineered design permits fast, time- 
saving installations. Lightweight, square 
aluminum junction boxes provide easy 
handling, maximum working area. Com- 
plete line of fittings available in high- 
lustre brass or aluminum finish. 


SPANG 
CONDUIT AND 
UNDERFLOOR 

DUCT 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


WITH SPANG 
CONDUIT AND FITTINGS 


Your choice of hot-dipped galvanized 
rigid conduit and elbows with electro- 
galvanized couplings, or lightweight 
electrical metallic tubing. Quality-con- 
trolled during manufacturing to assure 
uniformity and easy installation on the 
job. Tested and inspected before 
shipping. 





SPANG UNDERFLOOR DUCT SERVICE FITTINGS 
for every type outlet 


SPANG GIVES YOU 
TOP-QUALITY WIRING PROTECTION 


AVAILABLE THROUGH 
YOUR SPANG DISTRIBUTOR 


SPANG Underfloor Duct and SPANG Con- 
duit are sold by over 500 electrical dis- 
tributors from coast to coast. The SPANG 
Distributor in your area will give you 
top-quality service on all your electrical 
material requirements. Let him work 
with you on your next job. And be sure 
you ask for SPANG! 


THE NATIONAL SUPPLY COMPANY 
Subsidiary of Armco Stee! Corporation v4 


TWO GATEWAY CENTER, PITTSBURGH, PA. 


. » MAY, 1959 





A 10-Step Procedeure for . . . 


LIGHTING DESIGN 


Step 1 Analyze the Lighting Problem 
Step 2 Select Needed Lighting Levels 
Step Determine Desired Lighting Quality 


Step 4 Select Proper Light Sources 


Step Select Appropriate Lighting System 


Step Make a Lighting Calculation 
Step Prepare the Lighting Layout 


Step 8 Provide Flexible Control of System 
Step 9 Analyze Available Systems of Electrical Circuits 
Check Proposed Lighting System for Practicality 


overly complicated, when practical procedures 

are adopted and carefully followed. However, 
the art and science of lighting is much broader in 
scope, and requires a far greater knowledge and 
understanding of the physics and control of light, 
the science of seeing, the principles of architec- 
tural and structural building design, artistic val- 
ues, the myriad light sources, lighting equipments 
and components and related factors, than is gen- 
erally recognized. 

Presented here is a detailed procedure for the 


Te design of modern lighting systems is not 


design of modern lighting systems. It has been 
simplified by breaking the problem down into ten 
separate parts, or steps. Some of the many factors 
to be considered under each step have been listed, 
and some of the decisions to be made have been 
spelled out in detail. 

The lighting designer should supplement this 10- 
step practical approach to lighting design with a 
lighting reference library selected to meet his own 
particular requirements. Some typical references 
on lighting technology have been suggested in the 
following pages. 
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Quick identification for high voltage primaries is provided by an Okonite-developed, baked-on enamel 
finish in bright orange. In this access tunnel below transformer enclosure 3/c 15kv Okonex primaries 
are laid in same tray with 3/c 600v Okonex secondaries with plain aluminum Loxarmor. Plant and 
electrical system were engineered and designed by Southwestern Engineering Company. Electrical 
contractors were Trowbridge & Flynn Electric Company. 


“Power supply is vital,” said Diamond Gardner Corp. 
“We furnished Okonite cables,” said Del E. Webb and SWECO 


Here was an ultra-modern, com- 
pletely integrated manufacturing 
operation where power failures could 
trigger a costly “chain reaction”’ in 
down time. That’s one reason why 
Del E. Webb Construction Company 
and Southwestern Engineering Com- 
pany furnished Okonite cables for 
extensive use in the new and unique 
mechanical pulping mill for Diamond 
Gardner Corporation’s Integrated 
Forest Products Center at Red 
Bluff, California. 

Another reason was SWECO’s 
knowledge that The Okonite Com- 
pany, because it alone makes cables 


by all methods, is uniquely qualified 
to help select the best cable for a 
specific circuit . . . and manufacture 
it to suit any installation conditions. 

All primary and secondary power 
and control circuits in the plant are 
Okonite cables. For example: light- 
weight Okonex-insulated Loxarmor 
primaries, identified by an Okonite- 
developed bright orange, baked-on 
enamel finish, carry all power at 12kv 
to the twin transformer vaults in the 
plant. 600-volt Watertite-Loxarmor, 
600-volt Okonex-Loxarmor and 5kv 
Okonex-Loxarmor, in racks, were se- 
lected for secondary distribution for 


their flexibility, low installation costs 
and the ease with which circuits can 
be added or re-routed. 600-volt Oko- 
therm control cables were specified 
for circuits where high heat condi- 
tions are encountered. 

Okonite quality . . . Okonite’s 
ability to build cables by any meth- 
od . . . and Okonite’s expert design 
and installation assistance are fac- 
tors to consider when ordering or 
specifying cables for your important 
installations. For more data on Lox- 
armor, write for free, 36-page Bulle- 
tin EC-1090, The Okonite Com- 
pany, Passaic, New Jersey. 


where there’s electrical power . . . there’s OKON ITE CABLE 


6214 
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Step 1. Analyze the 


Quite logically, the first thing to do in planning 
a lighting system is to determine, to the extent 
possible, exactly what the lighting problem is. In 
general, the lighting problem is dictated by four 
major factors. 1) physical size and shape of the 
area; 2) architectural design and structural de- 
tails; 3) occupancy or end use, of the area; and 
4) the type and degree of severity of the seeing 
tasks which will exist. Inherent in these will be 
other allied sub-factors, such as: type of environ- 
ment—dictated by type of occupancy; extent of 
use of glass facades—dictated by architectural 
design; etc. 

Physical dimensions—Determine the exact size 
and shape of the area to be lighted. On small proj- 
ects, this may be a simple single area, defined by 
width, length, and ceiling height. On larger proj- 
ects, it will usually consist of an area which can 
be subdivided into a number of simple individual 
areas, and each defined separately. Complete area 
dimensions should be tabulated, and further sup- 
ported by plan and elevation drawings, when 
available. 

Structural details—Determine the architectural 
design and structural details. On new projects, 


Lighting Probiem 


these details should be available on architectural 
and structural drawings, or from the architect or 
builder. On relighting projects, a visit to the job 
should be made, and all details noted. 

Occupancy—-Determine what the area will be 
used for, and how it will be utilized. For example, 
if it is to be used for manufacturing, obtain a 
firm (or tentative, if necessary) layout of depart- 
ments, machinery, production lines, etc., and a 
description of type of work which will be done in 
each department, or area. 

Seeing tasks—Determine, and tabulate, the vari- 
ous types of seeing tasks which will exist in the 
area, or areas. Type of occupancy, layout of the 
area, and type of work to be done will dictate the 
type of seeing problems which will be encoun- 
tered. 

Add to the above information any other details 
that can be determined, such as: ceiling, wall, and 
floor construction; color and finish of ceiling, 
walls, and floors; location, size and shape of any 
columns or other structural details, etc; whether 
the area will be air conditioned, and type, size, and 
location of air ducts, diffusers, etc; and other 
similar details. 


Step 2. Select Levels of Illumination 


In 1958, the Illuminating Engineering Society 
approved and announced a complete revision of 
their Recommended Levels of Illumination. These 
new footcandle values are based on a new system 
of determining illumination level recommenda- 
tions which has been adopted by the Society. The 
new system, in turn, is based on the results of 
light and vision researches conducted by Dr. H. 
Richard Blackwell at the Vision Research Labora- 
tories of the University of Michigan, under the 
sponsorship of the Illuminating Engineering Re- 
search Institute, an IES-sponsored research or- 
ganization, and earlier light and vision work. 

The new IES recommended lighting levels are, 
in general, considerably higher than had been in 
effect previously. These lighting levels have been 
expressed in footcandle values for a long list of 
seeing tasks which exist in commerce, industry, 
and the home. They are included in detail in new 
Footcandle Tables, published in the new 1959 
third edition of the JES Lighting Handbook. They 
are also shown in condensed form in the accom- 
panying “New IES Recommended Illumination 
Levels” chart. 

Current and future lighting system design 
should now be based on the new IES recommended 
lighting levels, according to the seeing tasks in- 
volved. 

The new lighting levels, it should be noted, are 
now based on seeing task brightness values, in 
which values of equivalent contrast, from the 
research data, were divided into five categories or 
general levels of seeing task difficulty. These cate- 


gories are listed in the table “Visual Task Bright- 
nesses and Related Lighting Levels”. The first 
category represents contrast values which require 
task brightness values of less than 18 footlam- 
berts. The range of contrast values requiring 
more than 18 footlamberts was divided into four 
equal categories in terms of contrast values. 
The chart “Brightness and Lighting Level Rela- 
tionship” shows the required illumination levels 
for visual tasks designated “Difficult,” with visual 
task brightnesses ranging from 42 to 120 foot- 
lamberts, and visual task reflectances ranging 
from 5 to 95%. Similar charts may also be de- 
veloped for the other four visual task categories. 
Note that footcandle levels for visual tasks having 


Visual Task Brightnesses and 
Related Lighting Levels 


(For General Categories of Visual Task Difficulty) 








Guide Footcandles * 

Visual Brightness 
Task (Foot- 60% 6% 

Difficulty lamberts) Reflectance Reflectance 


Most Difficult. . 420 up 700 up 
Very Difficult. 120-420 200-700 
Difficult 42-120 70-200 | 700-2000 
Ordinary 18-42 30-70 300-700 
Easy Below 18 | 30 and below 300 and below 


7000 up 
2000-7000 














*Footcandles depend upon reflectance of the visual task. 
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New IES Recommended Illumination Levels 
Typical Visual Tasks 





SPECIAL APPLICATIONS — 1000 footcandles and above. (1000 fc) — Extra fine bench work, grinding; precision 
manual arc welding; dental chair; feature displays — show windows, self-service stores; highly critical inspection. 
(2000 fc) — cloth inspection; emergency room, local. (2500 fc) — autopsy table; cystoscopic table; surgery 
operating table. 





MOST DIFFICULT — 500 to 1000 footcandles. Fine bench and machine work, fine automatic machines, medium 
grinding, fine buffing and polishing; fine assembly; fine inspection; spotting; sewing; feature displays -- show 
windows, service store interiors. 





VERY DIFFICULT — 200 to 500 footcandles. (200 fc) — Auto final assembly, finishing, inspection line; color 
grading, inspection, examination in canning; repair and alteration in cleaning plant; tobacco grading and sorting; 
hospital fracture table; detailed drafting, designing, cartography in offices. (300 fc) — clay products color and 
glazing; cloth cutting, pressing; leather working — grading, matching, cutting, sewing; paint shops — extra fine 
hand painting and finishing. 





DIFFICULT -. 100 to 200 footcandles. (100 fc) — Regular office work, reading good reproductions, reading or 
transcribing shorthand, active filing, index reference, mail sorting; ticket counters; spray booths; general assembly 
line work; medium assembly; difficult inspection; medium bench and machine work, rough grinding, medium 
buffing and polishing; art gallery displays and on statuary; laboratory close work; etc. (150 fc) — accounting, 
auditing, tabulating, bookkeeping, business machine operation, rough layout drafting; bank teller's station; 
proof reading, imposing stones; hand and machine pressing. 





ORDINARY — 30 to 100 footcandles. (50 fc) — a minimum for any visual task requiring more than casual use of 
the eyes; general lighting level for most industrial interiors; ordinary inspection; rough bench and machine work. 
(70 fc) — reading or transcribing handwriting in ink or medium pencil on good quality paper; school classrooms; 
work shop, bench work; study desks; drilling, riveting, screw fastening. 








EASY — 30 footcandles and below. Less than 30 footcandles do not appear desirable in locations which involve 
visual tasks. Use in areas not involving critical or prolonged seeing, such as conference rooms, inactive files, 
washrooms, corridors, elevators, stairways, rough assembly, wrapping rooms, exterior areas generally, storage, 
auditoriums, lobbies, rough benchwork, wood sawing, parking lots, waiting rooms, rest room, smoking room, etc. 





NOTE: A) Illumination values for service areas should be not less than one-fifth that in adjacent areas, and 
in no case should it be less than 10 footcandles. 
B) In general, intensities of 200 footcandies and above should be obtained with a combination of 
general lighting plus specialized supplementary lighting, taking special care to keep within recom- 
mended brightness ratios (see table). 
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Illumination in Footcandles 





WHEELER-FULLERTON™ 


CUSTOM DESIGNS SPECIAL LIGHTS 
I | 


FOR ; 
A ae * 


Two 45 ft. suspended units provide soft, diffused shadowless light of 


60 footcandles over the main book desk. A similar 45 sq. ft. unit is used 
over main reading room. Tapered birch wood sides, mounted on extruded 
aluminum channel, blend with library panelling. 


Book stack units have acrylic plastic shields. 


AT Meeting the varied requirements of efficient library lighting 
is a challenge that demands experience, skill and ingenuity. 


The Rutgers University Library presented special lighting 
problems. Illuminating the reading areas and book stacks, as 
well as providing safety, night and exit lighting, called for all of 


Wheeler-Fullerton’s custom designing skill. The entire 
library installation of approximately 2,500 units combine high 
efficiency lighting and ease of maintenance with fixtures that 
blend harmoniously with the panelled decor. 
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Modern Trend for Feeding and Distribution of... 
UNDERFLOOR DUCT or HEADER DUCT 


Two Big Problems... 
--.and the answers! 


QUESTION: How close shall I space the distribution 
duct for complete coverage? 


REMARKS: The work area of a standard desk and chair 
takes a six foot square space. 


ANSWER: With Duct on 3’ center, the desk can be 
moved and turned in any direction and In- 
serts will always be available under the desk. 


QUESTION: How do I feed the System? 


ANSWER: Feed with Duct .. . preferably Super Duct 
. directly to the cabinets or closets. 


ANSWER: With the new Gateway boxes, any service 
can be fed independently of the others. 


REMARKS: Remember . . . one Standard Duct will 
carry—legally—84 TW wires (#12) or 9 tele- 
phone cables (26 pair). 

Super Duct will carry 207 TW wires (#12) 
or 24 telephone cables (26 pair). 


COMPARISON: 114” conduit will carry 9 wires (#12) 
or 3 telephone cables (26 pair). 
Therefore, in comparison, using #12 TW wire: 
1 standard duct = 9 conduits(1%4") 
l super duct = 23 conduits(1%4") 
And with Telephone Cables (26 pair): 
1 standard duct = 3 conduits(14") 
1 super duct = 8 conduits(1%”") 


Office building for The Maytag Company, Newton, lowa. poem eon Borg, ‘Gen. 
Contr.~A, H. Neumann & Bro., Inc., Elect. Contr.-The Keating Co., of DesMoines, lowa. 


UNDERFLOOR DUCT DISTRIBUTION | HEADER DUCT FOR CELLULAR STEEL 
for reeateend Slab Construction FLOOR Distribution Systems 
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The economy of single level underfloor systems can now be Rectangular Boxes provide access to cells through grommeted 
coupled with the good feeding possibilities with two level sys- openings to right or left of Headerduct. This speeds installation, 
tems to meet the new requirements for three foot spacing be- fishing and pulling. Duct or Conduit take-offs are possible from 
tween raceways and selective feeding for each electrical service. any one of these Access Boxes. 








3233 West Grand Avenue ~- Chicago 51, Illinois 


Stocked by Electrical Wholesalers in Representatives and Distributors throughout the U.S.A. 
many locations throughout the U.S.A. 
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reflectance values ranging from about 30% to 80%, 
and probably representing those visual tasks most 
generally found in practice, fall between lines A 
and B, or between 100 and 200 footcandles. (In 
selecting illumination values for typical visual 
tasks, the IES technical committees fitted the 
values into the sequential order of 10, 15, 20, 30, 
50, 70 and 100 times 0.1, 1, 10, 100 and 1000, as re- 


quired. Thus calculated illumination values falling 
between about 75 and 225 were tabbed at 100, 150 
or 200, according to the sequential order pro- 
cedure). 

New illumination values for residential light- 
ing have been given in detail in the table titled 
“IES Recommended Illumination For Residences,” 
shown on a following page. 








Brightness and Lighting Level Relationship for Difficult Visual Task Category 





- Logarithmic Scales ————_—— 

















| 1 A 1 A 


— 10000 
-— 7000 


— 5000 


Required Illumination-Footcandles 





| 1 1 | ee 





5 10 





20 30 40 


The above chart is a graphical representation of 
the data shown in the table “Visual Task Bright- 
nesses and Related Lighting Levels,” for seeing 
tasks classified as “Difficult.” Visual task bright- 
nesses are shown in the vertical scale at the left, in 
footlamberts. Also shown on the logarithmic scale 
are the brightness ranges for the other four cate- 
gories of seeing task difficulty. 

Visual task reflectance values are shown in per- 
cent on the bottom numerical scale, covering practi- 
cal values ranging from 5% to 95%. 

Required illumination for “difficult” visual tasks, 
or for visual tasks ranging from 42 to 120 foot- 
lamberts in brightness, and plotted against visual 
task reflectance values of 5% to 95%, are shown in 
the shaded area between the two curves, in foot- 
candles. The footcandle values are plotted against 
a logarithmic scale (right). Note that footcandle 
values range from 44 to 126 at 95% visual task re- 


50 60 
Visual Task Reflectance-Percent 


70 80 9095 7 


flectance, and from 840 to 2400 at 5% visual task 
reflectance. The bottom curve is for seeing tasks 
with a visual task brightness of 42 footlamberts; 
top curve represents seeing tasks with a visual task 
brightness of 120 footlamberts. 

The required illumination for the “very difficult” 
seeing task category, representing visual task 
brightnesses between 120 and 420 footlamberts, if 
plotted on this same chart, would form a shaded area 
immediately above that shown. Similarly, the re- 
quired illumination for the “ordinary” seeing task 
category, representing visual task brightnesses be- 
tween 18 and 42 footlamberts, if plotted on this 
chart, would form a similarly shaped shaded area 
immediately below the one shown. 

Professional lighting designers might develop 
separate charts of this type, one for each seeing 
task category, for design reference. Or, if drawn to 
large scale, all data could be shown on one chart. 
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DYNACHROME 


U/L approved as oil proof . 
be submerged in oil without eon 


YELLOW 


to provide highest visibility and 
greatest safety factor. 


MARKED 


clearly with type, size and number 
of conductors, as well as catalog Write today for 
number, all for easy identification. new FREE catalog 





oO Weill Built Wires Since 1899 








WB? WHITNEY BLAKE COMPANY 


NEW HAVEN 14, CONNECTICUT 








TELEPHONE CHestnut 8-5515 
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Step 3. Analyze Lighting Quality 


The problem of how to evaluate quality of light 
on a valid, scientific basis is under research and 
study by the Illuminating Engineering Research 
Institute. In the meantime, there is already con- 
siderable knowledge available relating to visual 
comfort and similar factors to provide practical 
guidance on lighting quality appraisal, based on 
past researches and field experiences. 

In determining the quality of the light to be pro- 
vided for a specific lighting design problem 
(or set of seeing tasks), there are several factors 
to be considered and analyzed. These include: 1) 
end use of the lighting result; 2) visual environ- 
ment; 3) light control; and many others. 

End Use of Lighting Result—Determine whether 
the light needed is for utilitarian use—light for 
seeing, or work light, so to speak; or for decorative 
use—light for decoration, as in a fine restaurant, 
or hotel lobby, ete. Often the light must be used 
for both utility (reading a menu in a restaurant, 
for example) and for decoration (to create a cer- 
tain decorative effect and mood in the restaurant, 
for example). The end use of the lighting result 
will influence to considerable extent the quality 
of the light needed. 

Visual Environment—<Analyze the visual en- 
vironment which is proposed (or which should be 
recommended by the lighting engineer). Factors 
which create or influence the visual environment 
include such items as the physical size of the area, 
the colors and finishes of the interior (floor, walls, 
ceilings, presence of glass walls, windows, doors, 
etc.), and size, colors and finishes of interior fur- 
nishings (machines, furniture, draperies, murals, 
etc.). All of these factors have an influence on the 
quality of the light; or, to look at it from a differ- 
ent viewpoint, the quality of the light can be con- 
trolled to create the type of visual environment 
which is desired. This quality may be controlled 
by the judicious selection of light sources, types 
of luminaires, and types and locations of lighting 
equipments in general. 

Light Control—Visual tasks and lighting quality 
will influence the type of light control to be se- 
lected. In other words, the visual tasks and de- 
sired quality will dictate the choice of diffuse or 
directional light control, the degree of shielding 
needed, and similar features. Conceivably, many 
seeing tasks may call for a combination of light 


Recommended Interior Reflectances 


Reflectance 
Surface Range (%) 


Ceiling 75-90 
Upper Walls 40-65 
Trim 30-50 
Machines 30-40 
Lower Walls 30-60 
Furniture 25-40 
Floors 15-30 


Recommended Brightness Ratios for 
Interior Lighting 
Visual Field... Ratios 


Between visual tasks and adjacent surroundings 
(e.g.—white paper, and desk top) 1 to % 


Between visual tasks and more remote darker 

surfaces (e.g.—white paper on desk, and floor) 1 to 1/10 
. Between visual tasks and more remote brighter 

surfaces (e.g.—white paper on desk, and 

luminaires) 1 to 10 


. Between luminaires and adjacent surfaces in 
normal field of view 20 to 1 


. Anywhere within normal field of view (e.g.— 
between luminaires and floor) 40 to 1 


control principles—hence, for lighting equipment 
which incorporates several types of light control 
(diffusion, shielding, directional control, polariza- 
tion etc., all in one luminaire). 

Also inherent in light control is glare control. 
This includes the control or reduction of both 
direct and reflected glare. The commonly used 
system for glare appraisal is the Visual Comfort 
Index system. Thus many lighting equipment 
manufacturers now provide VCI values for specific 
luminaires, along with other technical data. 

Other factors which affect lighting quality in- 
clude the color quality of the light which is pro- 
duced by the light sources, the brightness ratios 
(see table “Recommended Brightness Ratios for 
Interior Lighting”) which result from the various 
colors and reflectance values, and other possible 
glare sources, such as sky glare, or glare from 
other sources such as windows or glass walls. 


Step 4. Select Proper Light Source 


The heart of any lighting system is the light 
source, or sources, which convert electric energy 
into light. The efficiency of the light source, 
measured in lumens per watt, dictates to consider- 
able extent the overall efficiency for the lighting 
system in which it is used. It is therefore highly 
important that the lighting engineer select the 
light sources for his lighting systems with intelli- 
gence and care. 


Light source efficiency is not the only factor to 
be considered, of course. Other factors include 
such features as color quality of the light (spec- 
tral quality), total light output of the lamp, lamp 
life, lumen depreciation throughout life, strobo- 
scopic effect, amount of heat produced, effect of 
ambient temperature surrounding the lamp on its 
efficiency, and several others. All of these factors 
should be carefully analyzed and considered, and 
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Light Sources Spectral Energy Distribution 








TEES 


Eye sensitivity 
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‘itch bail 
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500-watt filament lamp 


_— Cool white 
fluorescent lamp 








5000 


6000 


Wavelength In Angstrom Units 


weighted according to their relation to the ulti- 
mate lighting result desired, and to the overall 
lighting cost. 

Light sources used for general lighting pur- 
poses, including light for decoration, are of three 
types: incandescent, fluorescent and mercury 
vapor. Natural daylight may also be a factor in 
lighting, especially when window and glass wall 
areas are involved. 

Efficiency—Light source efficiency is measured 
in lumens per watt. The initial LPW for incan- 
descent lamps range from 17.4 (for 100 watt) to 
20 (for 1000 watt); for mercury vapor, LPW 
range from 38.8 (for 400-watt ASA Desig. H25DE) 
to 60 (for 1000-watt ASA Desig. H12GW/W); for 
fluorescent, LPW range from 51 (for 20-watt 
F20T12) to 70 (for F96T12/HO and F96PG17/CW 
lamps). These values are for lamp wattages only, 
and do not include watts loss in ballasts or trans- 
formers. Light depreciation throughout lamp 
life should also be considered, and lamp manu- 
facturers can supply light depreciation curves 
for the various types of light sources, or average 
mean lumens per watt, for individual types of 
lamps. 

Light Source Light Output—The total light out- 
put of individual lamp types, measured in total 
initial lumens, should be considered. The higher 
the light output of individual lamps, the fewer 
the lamps that will be required to produce a given 
illumination level. Along with the light output, 
of course, must be considered the physical size of 
the lamp, and the size of the luminaire that will 
be required to house the lamp, (or lamps, in the 
case of multiple-lamp luminaires). 


Spectral Quality—Light is radiant energy which 
constitutes the visible spectrum. It is composed 
of pure spectral colors, or so-called color regions. 
In their simplest form, these color regions are 
divided into nine well-known parts: violet, blue, 
blue-green, green, yellow-green, yellow, orange, 
light red and dark red. These nine colors span 
the entire visible spectrum, which ranges from 
about 4000 to 7000 Angstrom units (1 Angstrom 
equals 10 millimicrons). The color of a colored 
light source has all (or most) of its energy in 
the spectral region of that color. Green, for 
example, ranges from about 4900 A° to 5600 A° 
(see “Light Sources Spectral Energy Distribu- 
tion”). When appropriate quantities of radiant 
energy of these different wave-lengths are com- 
bined, so-called “white” light (daylight, for ex- 
ample) results. 

Each type of light source produces a different 


Fluorescent Lamp 
Lumen Output Ratios 
(Standard Cool White = 100) 


Multiplying 
Color of lamps 





Deluxe Cool White (CW/X) 

Deluxe Warm White (WW/X) 0.71 
Daylight (D) 0.93 
Soft White (SW) 0.68 
Green (G) 1.20 
Gold (GO) 0.60 
Blue or Pink (B or PK) 0.45 
Red (R) 0.06 
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THE PTL is excellent for estate type subdivisions, drive- 
ways, parks, hotel grounds, and recreation areas. The 
design lends the elegance of low, even lighting and the 





safety of good light with a minimum of glare. Subdividers 
and landscape architects will find the PTL well suited to 
their esthetic needs without sacrificing light efficiency. 


New L-M Post Top Light Combines 
with High Efficiency 


Appearance 


The new L-M PTL (Post Top Lumi- 
naire) combines decorative appearance 
with a highly efficient optical system. It 
is specially suitable for lighting drive- 
ways, residential and institutional 
grounds, schools, stores, subdivisions, 
parks, swimming pools, railway plat- 
forms, bus stations, and other places 
where the designer wants both good ap- 
pearance and efficient light utilization. 


Rigidly Built 


The PTL combines a rigid spun-alu- 
minum reflector, an efficient Holophane® 
refractor, and a sturdy aluminum mount- 
ing base. Reflector swings open on hinge 
for easy cleaning, and for replacement of 
lamps and ballasts. 

Reflector and base in natural brushed 
aluminum, or choice of pastel colors. 
Available with small cadmium-sulphide 


LINE MATERIAL Industries 


photo control, which automatically turns 
light on at dusk and off at dawn. 


Choice of Five IES Patterns 


For use with incandescent lamps up to 
10,000 lumens, or 620 watts multiple; or 
with ballast in fixture for mercury vapor 
lamps up to 250 watts. Choice of five 
IES light patterns; types I, II, ILI, Il 4- 
way, and V. 

Two styles, for mounting on 3-inch or 
7-inch poles. Tapered aluminum poles 
are available, to provide from 11- to 
25-foot mounting heights. 


Attractive Low Prices 


Prices of the PTL luminaire start at 
$44; aluminum poles $46 and up. Mail 
the coupon below for free data sheets 
and details. Or contact any of the L-M 
Offices listed on the other side. 


THE NEW L-M PTL provides elegance of ap- 
pearance and efficiently controlled light dis- 
tribution. Available in brushed aluminum, or 
pastel colors, for 3- or 7-inch poles. For in- 
candescent lamps, or with ballast for mercury 


vopor lamps. The PTL is also available 
with small photo control. Prices start at $44. 
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Mc GRAW-EDISON COMPANY 


LINE MATERIAL INDUSTRIES, 

Milwaukee 1, Wisconsin 

[] Please send me Bulletin 58203 
on the PTL 

(J Also bulletins on other types of 
outdoor lighting 


Please check: [[] Architect 
(] Builder [[] Consulting Engineer 
([] Utility Company 


C) Other__ 
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THE PTL is excellent for drive-ins, restaurants, hotels, 
motels, store fronts, shopping centers, water-front areas, 
railway stations, and many other applications. 


Either incandescent or mercury lamps may be used. When 
the PTL is used for mercury vapor, the ballast is mounted 
in the fixture where it is easily accessible. 





FOR INSTITUTIONAL OR RESIDENTIAL ground lighting, 
the PTL offers fine appearance, with efficiency. It spreads 
a soft, uniform light over a large area, with minimum glare. 


NEW SCHOOL—NEW LIGHTING! L-M Post Top Luminaires 
add beauty to the facade, and provide excellent decorative 
and safety lighting for the area around the building. 


For detailed specifications, 
mail the coupon on other side— 
or phone or write any of these 


SALES OFFICES 


->- AND NOW. Conversion of this old light 
standard with a new PTL is more in keeping with the 
modern appearance of the building of the Bank of 
Naperville, lll. The PTL will modernize most existing 
upright standards by direct replacement at a cost com- 
parable to the replacement of two old-fashioned orna- 
mental glass globe and canopy combinations. 
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In Canada: Canadian Line Materials, Ltd., Toronto 13, Ontario 





Color Temperature of Various Light Sources 


(Measured in Degrees Kelvin*) 


Light Source Degrees K* 


Natural Daylight 


Light from clear blue sky 12,000—27,000 
Light from hazy or smoky sky 7,500-8,400 
Light from totally overcast sky 6800 
Sunlight, plus light from clear sky (noon) 6500 
Direct sunlight (noon in midsummer) 5800 


Light from heated sources** 


“Daylight” fluorescent lamps** 6500 
Blue (daylight) photoflash lamps 6300 
Cool white fluorescent lamps** 4500 
Clear photoflash lamps 3800 
White (standard) fluorescent lamps** 3500 
Photoflood lamps 3400 
500-watt projection lamp 3175 
1000-watt standard incandescent lamp 3000 
500-watt standard incandescent lamp 2950 
60-watt standard incandescent lamp 2800 


*Absolute temperature scale having its zero at—273°C or—459.4'F. 
**By definition, color temperature applies only to light generated by 
heat (same color as a black body at that temperature), but fluorescent 
lamps have been arbitrarily color-designated in degrees Kelvin for 
purposes of simplicity. 


“color quality” of light. That is, each type pro- 
duces radiant energy of different wavelengths, 
which the eye perceives as a color sensation de- 
pending on how the radiant energy is distributed 
over the visible spectrum. This is true of natural 
daylight, which varies in “color” throughout the 
day, and of candles, oil lamps, electric light 
sources, and others. Thus the lighting designer is 
working with “color,” fundamentally, when he 
works with light; and spectral quality of light 
sources selected for any specific lighting appli- 
cation should be selected on the basis of its appro- 
priate “color quality” for the lighting results re- 
quired, or desired. 

Light sources which produce so-called “white” 
light have an inherent “color quality,” which is 
expressed in terms of “color temperature,” and 
measured in degrees Kelvin. A light source is 
said to have a certain color temperature (see 
table “Color Temperature of Various Light 
Sources”) when its radiation has the identical 
color characteristics as a black body at this stated 
temperature. The Kelvin temperature scale has 
its zero at —273 degrees C, or at —459.4 degrees 
F, sometimes referred to as absolute zero. Thus 
the color quality of a cool white fluorescent lamp, 
rated at 4500°K, for example, is the same as that 
of a black body heated to a temperature of 4500 
degrees above absolute zero. A black body, it 
should be further noted, is a theoretical object 
which is assumed to have perfect characteristics 
for emitting all the colors of the visible spectrum 
from red to violet, as its temperature is increased 
from a point where it barely glows a deep red 
until it reaches a white heat, and eventually its 
melting point. 

Strictly speaking, color temperature should be 
applied only to light which is generated by heat, 
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such as daylight, or incandescent filament lamps. 
However, the general practice of light source 
manufacturers in distinguishing one “white” 
fluorescent lamp from another by the use of a 
Kelvin (color temperature) designation, to differ- 
entiate between warm and cool “whites,” has be- 
come quite well known and generally accepted 
by lighting engineers, and to a lesser extent by 
the public. Also, the need for balancing the color 
quality of light (by filters) to match the light re- 
sponse characteristics of color films in color pho- 
tography, has made the use of color temperature 
designations of light familiar to millions of pro- 
fessional and amateur photographers. Thus it is 
a nomenclature of lighting technology which the 
lighting engineer should recognize and adopt. 

In general, incandescent filament lamps produce 
a yellowish white light. The lower wattage in- 
candescent lamps produce a light that is distinc- 
tively yellow, and the higher wattage lamps (oper- 
ating with a higher filament temperature) produce 
a “whiter” yellow. 

Mercury vapor lamps produce a_ blue-green 
“white” light basically, devoid of yellow-orange- 
red light. By means of phosphor coatings, how- 
ever, the light source manufacturers have been 
able to improve the color quality of these lamps, 
and improved “whites,” including a “yellow” 
lamp, have resulted. Manufacturers’ literature 
should be referred to for complete details. 

Fluorescent lamps are purposely made in a 
variety of “white” colors for use in general light- 


Standard Fluorescent Lamps 
(For General Lighting Purposes) 


Light Output® 
Rated Burnouts Brightness 
Lamp Life: Per Total Ft.- 
Designation (Hours) BLH? Lumens LPW‘ Lamberts 


Preheat Start Lamps (Starters Required) 
F40T12. . 7500 50 2650 67 2000 
F9OTI7.. 7500 26 5150 58 2250 


Rapid Start Lamps (No Starters Required) 
F40T12/RS.... 7500 50 2650 66 2000 


High Output, VHO, SHO, PG Lamps 
F48T12/HO. 7500 Al 3250 54 2600 
F72T12/HO. 7500 26 5200 61 2650 
F96T12/HO. 7500 18 7300 70 2700 
F48PG17.. 7500 22 6000 56 3700 
F72PG17 7500 14 9300 60 3700° 
F96PGI17.. 7500 10 13000 65 3800 * 
F96PG17°.... 7500 9 15000 70 


Slimline Lamps (Instant Start) 


F48T12 3s aoe 58 2300 = 61 1850 
7ztta...... Faw 37 3600 65 1850 
PROTI2...... Foe 26 5050 68 1850 


‘Rated life based on burning 3 heurs per start. See table “Rated 
Average Life of Fluorescent Lamps” for burning longer than 3 
hours per start. 

“Burnouts per billion lumen hours, based on 7500-hour life 

“Initial lumens after 100 hours of burning. 

‘Lumens per watt are based on lamp wattage only, and do not in- 
clude watts loss in ballasts 

Average footiambert at 45° angle. 

*Improved lamp using grooves on both sides of lamps. 

Source: Based on data published in General Electric Co. bulletins. 
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Standard Mercury Vapor Lamps 


(For General Lighting Purposes) 





Rated 
ASA Lamp | Approx. Initial 
Designation: | Watts? | Bulb | Lumens® 


cre 
248 





H4AC/W.... 100 PS-25| 4,000 
H22KF/W.... 175 BT-28| 7,700 
HSKC/W.... 250 BT-28| 12,000 
ae 400 BT-24| 15,500 
a 400 BT-37 | 21,000 
HI-GL/W....| 400 | BT-37 
H33-1-DN/W . 400 R-57 
HI7GL/C.... 425 BT-37 
Cy! +: 6.6A | BT-37 
HI8ND/W.. .| 700 BT-46 
H12GW/W. | 1000 BT-56 

T9”A 
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*New ASA designations have been adopted by all light source manu- 
facturers. 

“Lamps only. Does not include transformer watts loss. 

“Based on average measurements with lamp in vertical burning posi- 
tion at rated watts after 100 hours’ operation. Approximate mean 
lumens also available from manufacturers. 

“Based on five hours per start. Increase in hours per start also 
increases average life. 

Source: Westinghouse Lamp Division. 





ing applications. These include daylight (6500°K), 
cool white (4500°K), white (3500°K), and warm 
white. In addition, there are two “deluxe” lamps 
—the deluxe cool white, and the deluxe warm 
white—in which phosphors are used to provide 
more red and orange radiation and thus more 
closely approximate a continuous-spectrum light. 

Light Control—Incandescent lamps, and mer- 
cury vapor lamps to a lesser degree, are considered 
point sources of light. The light output can 
thereby be quite accurately controlled by means of 
reflectors or prismatic glass or plastic reflectors 
or refractors. 

Fluorescent lamps are line sources of light, of 
fairly large diameter; hence, the light output is 
fundamentally of a diffuse character. Control of 
the light output from these lamps is less accurate, 
and generally limited to shielding, or to further 
diffusion. 

The degree of light control needed, from a light 
distribution standpoint, to achieve a specific light- 
ing result, thus becomes a factor in the selection 
of the light source. 

Heat—All light sources create heat. This heat is 
a result of the watts of electric energy consumed 
by the lamps, and each watt produces 3.14 Btu per 
hour. The more efficient the light source is (lu- 
mens output per watt—LPW), the smaller will be 
the heat load in producing a given level of illum- 
ination, assuming the same lighting system effi- 
ciency for different types of light sources. 

Heat, as a by-product of the lighting system, 
may or may not be a problem to be considered by 
the lighting engineer. For air conditioned areas, 
the heat has to be dissipated through increased 
capacity of the air conditioning system. On the 
other hand, this heat may help reduce the heating 
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problem for the area in the cold winter months. 

With the low levels of illumination which have 
been prevalent until the past few years, heat has 
not been a major problem in lighting. However, 
if the recently adopted IES recommended levels 
of illumination are put in practice by lighting 
engineers, the amount of heat produced will defi- 
nitely become a factor, and in most cases a prob- 
lem, 

In the case of fluorescent lighting, and espe- 
cially of the use of high output and super-high 
output fluorescent lamps, heat is already a prob- 
lem. This problem is one of dissipating the heat 
from the ballast to keep it within a range of 90°C 
to 105°C, which should be done through proper 
design of the luminaire, and through provision of 
adequate ventilation, especially in the case of 
recessed equipment. Also, the efficiency of fluo- 
rescent lamps is sensitive to ambient temperature 
and air drafts. They operate at maximum effi- 
ciency in ambient temperatures of 80°F to 95°F, 
and should be shielded against drafts of cold air. 

Lamp Life—Light sources deteriorate from use, 
thus have a “rated average life” expectancy. 

Incandescent lamps of the large lamp type nor- 
mally used for general lighting purposes have a 
rated average life of 1,000 hours, except for cer- 
tain sizes and types which are rated at 2,000 hours 
for use in special high bay applications to help 
reduce maintenance costs, and for certain re- 
flector-type lamps used for show window, flood- 
lighting, and other similar applications. 

Rated average life of fluorescent and mercury 
vapor lamps is a function of the frequency of 
starting the lamps, as well as number of hours 
operated. Both are characteristically long-life 
lamps. Fluorescent lamp life is shown in the chart 
“Rated Average Life of Fluorescent Lamps.” 
Rated average life of mercury vapor lamps now 
ranges from 6,000 to 10,000 hours, for most types, 
but manufacturers’ literature should be checked 
for exact ratings and lumen maintenance. 

An excellent factor for comparing lamp life of 
one light source with another, and for making 
economic analyses, is “burnouts per billion lumen 


Standard Incandescent Lamps 
(For General Lighting Purposes) 


Rated Burnouts Light Output 
Lamp Life Per Initial Initial 
Designation (Hours) BLH** Lumens LPW 


100-w Al9 750 ; 1,740 17 
150-w A23 : 750 - 2,700 18 
200-w A25... 750 381 3,800 19 
200-w PS30... 750 360 3,700 18 
300-w PS30...... 750 224 5,950 19 
300-w PS35........ 1000 196 5,700 19 


500-w PS40*....... 1000 98 
750-w PS52*.. .. 1000 63 
1000-w PS52*...... 1000 47 23,400 23. 
1500-w PS52....... 1000 31 33,000 22. 
500-w R52......... 2000 73 7,550 15. 
750-w R52......... 2000 50 12,700 16 
750-w T24......... 1000 70 14,200 ag 
1000-w T24....... 1000 50 20 ,000 20 


11,200 22. 
17,100 aa 


CON—OCROROMUTDORD 


*Coiled-coil filament axially mounted. 
** Average lamp burnouts per billion lumen hours (calculated). 
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nd 4 


1 OR 2—30 AMPERE FULLY EXPANDED 
PULLOUT SWITCHES UNIT 


NEW PLUS PANEL CONSTRUCTION FOUR BASIC CATALOG NUMBERS, each 100 Amp. main 


rated, provide adequate service for immediate use and 


PROVIDES EXPANDABLE reserve facilities for housepower to be added later 


Se CAT. NO. 2514: ‘“‘Main-Range and Four'’ with reserve 
SERVICE ENTRANCE EQUIPMENT housepower to add four lighting circuits. 


CAT. NO. 2518: ‘‘Main-Range and Eight’ with reserve 
housepower to add two or four lighting circuits. 


CAT. NO. 518: “Main and Ejight’’ with reserve house- 
power to add up to four lighting circuits and also two 
appliance pullouts. 


CAT. NO. 5518: ‘‘Main-Range and Eight’ with reserve 
housepower to add up to four lighting circuits and also 
two appliance pullouts. 


THE SWITCH IS TO GENERAL D write FOR PRODUCT DATA BULLETIN NO. 135. 


GENERAL SWITCH COMPANY 


DIVISION OF NORBUTE CORPORATION 
45 ROEBLING STREET + BROOKLYN 11, N. Y. 
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hours.” This factor may be calculated for any 
light source by dividing one billion by “average 
lamp life” in hours times “mean light output” in 
lumens. This indicates the number of lamps to be 
purchased and replaced to provide a fixed quan- 
tity of light output. Burnouts per billion lumen 
hours have been shown in the two tables—“Stand- 
ard Fluorescent Lamps” and “Standard Incandes- 
cent Lamps.” 

Stroboscopic Effect—For most lighting applica- 
tions, stroboscopic effect, or flicker, is not a prob- 
lem. However, for certain applications, such as 
floodlighting a tennis court, or lighting of moving 
parts in industrial applications, it should be 
avoided. The stroboscopic effect of filament lamps 
is too low to be a problem, but may be sufficiently 
high on electric discharge type lamps to be a 
problem under certain circumstances. It can 
usually be minimized enough to be considered 
practical for use by operating the lamps in a spe- 
cific area on three separate circuits, each circuit 
supplied from a separate phase. Another solution 
is to use high frequency power for the lighting 
system. 


Rated Average Life of Fluorescent Lamps 


Burning Hours Per Start 
ee. 6 


Type of Lamps 12 |Continuous* 
T-8 and T-12 preheat, rapid| 
start, high output; 
T-6, T-8 and T-12 slimline; 
T-12 instant start; 

T-17 preheat; 


All circlines Plus | Plus Plus 





T-17 instant start; 25% 60% 150% 

6-, 8-, 13-watt T-5 preheat;| 6000 | 

14-watt T-12 preheat 

Power Groove lamps 5000 

4-watt T-5 4000 

Cold cathode LP ~ 15000 Life not affected by 
number 


Cold cathode HP 25000 of starts 


*Light output depreciates steadily as lamps are burned. Where in- 
frequent starting, or continuous burning are involved, lamps should 
be replaced before they reach average life, for maximum lighting 
value. 


Step 5. Select Appropriate System 


The luminaires and lighting equipment should 
further be selected based on their suitability for 
the area involved, from the standpoint of architec- 
tural design and general appearance, structural 
details, etc. These factors should also be discussed 
with and agreed upon by the architect, or interior 
designer, or others charged with the responsibility 
of the appearance and structural details of the 
entire project. 

Installation—The method of mounting to be 
used for the lighting equipment will also dictate 
its selection, and affect the type of lighting system 
to be used. For example, if an indirect lighting 
system is indicated, based on the seeing problems 
involved and on the lighting result desired, this 
would preclude the use of recessed equipment in a 
suspended ceiling. Or, if ceiling heights are too 
low to make practical an indirect lighting system, 
a compromise in the type of lighting system to be 
used will be called for. Large-area low-brightness- 
type luminaires, for example, might be substituted, 
and be either surface mounted or recessed. 

Physical Characteristics—Luminaires selected 
should be carefully analyzed from the standpoint 
of mechanical construction, installation features, 
electrical details, and ease of maintenance. Only 
equipment of quality construction throughout 
should be considered. Electrical parts should bear 
the Underwriters’ Laboratories (UL) label, bal- 
lasts should be of the high power factor type, and 
bear the Certified Ballast Manufacturers’ (CBM) 
certification label. Lamps and ballasts should be 
readily accessible, for ease of maintenance, and 
installation features should be simple so that a 
minimum of time is required for installing. Fluo- 
rescent luminaires should further be properly 
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designed so that ballasts will operate continuously 
without exceeding the temperature limit (105°C) 
for which designed. 

If the building construction is based on a modu- 
lar dimension, the luminaires or lighting equip- 
ment should also be based on the same module. 

Several factors are involved in the selection of 
an appropriate lighting system, for any lighting 
application, as outlined below; some_ technical, 
others artistic or decorative. The type of job will, 
of course, control the decision on many of these 
factors. 

Light Distribution—Lighting systems are gen- 
erally classified according to type of light dis- 
tribution characteristics—direct, semi-direct, gen- 
eral diffuse, semi-indirect, and indirect. End use 
of the areas to be lighted, and seeing tasks in- 
volved, will influence the type of system selected. 

Lighting systems consist of luminaires, various 
types of lighting equipment, light sources, auxili- 
ary devices, and controls. The selection of these 
luminaires, equipments and devices can best be 
made based on practical and continuing experi- 
ence. This is one of the fundamental reasons 
why a qualified lighting engineer should be re- 
tained on a professional basis (lighting consult- 
ants, electrical engineers) for the design of every 
lighting system. 

Luminaires and Lighting Equipment—tThe size 
of individual luminaires, or lighting equipment de- 
vices, is dictated by the type of light sources to be 
used, and the overall light output required per 
unit, taking into account its overall efficiency and 
coefficient of utilization for the area involved. 
This factor is discussed in more detail under “Light- 
ing Calculations” on the following page. 
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Types of Lighting Systems 





ICI* Light 
___ Distribution 


Type of 
Luminaires 


Type of 
Mounting 


Lighting System 
Classification 





Recessed 


In Ceiling 


Recessed (Inc. or Fi.) 





Individual Unit 





On Ceiling 


Surface Mounted Direct 


Continuous Row 
Individual Unit 
Continuous Row 


Luminous 
Architectural 
Elements 
Decorative 
Ornamental 
Large-Area 
Low-Brightness 
‘Diffuser Ceilings 
Louver Ceilings 
Individual Unit 
Continuous Row 
Individual Unit 
“Continuous Row 
Luminous 
Cornice 
Individual Unit 


Continuous Row 


Individual Unit 
Continuous Row 
Luminous Cove 

Wall Bracket With 
Downward Component 
Luminous 











On Ceiling 


On Ceiling, 
Side Walls, 
or Columns 
On Ceilings 
or Walls 
Recessed 
In Ceiling 


Form Ceiling 


Suspended Direct 





Architectural 





Ornamental 








Luminous 
Element 


Translighted 
Celiing 


Surface Mounted 
Semi-Direct 


Suspended 
Semi-Direct tee: 
Architectural 























Semi-Direct On Ceiling 
60% to 90% 


Downward 








On Wall 
near Ceiling 


General Diffuse 
40% to 60% 





" Suspended cee 
On Ceiling 
Direct-indirect 
Suspended 

Semi-indirect 








On Ceiling 











Semi-Indirect 
60% to 90% 
Upward 





On Wall Semi-Iindirect 








Suspended 

On Ceiling 
Ornamental 
Individual Unit 
Continuous Row 
Wall Urns 
Cove 

Pedestal 
Ceiling 
Soffit ** 


Semi-Iindirect 
Suspended 





On Ceiling adhe 


On Wall ‘Indirect 
On Wall or in Ceiling Cove 
Floor or Counter Top | Indirect 

In Ceiling | Indirect ** 











Indirect 
90% to 100% 
Upward 


























*International Congress on Illumination approved classification of lighting systems according to a 
range of distribution of total light output upward or downward, in percentages as shown. A more detailed 
classification, as given here, has been found through practice to be more practical. 

**According to ICI practice, soffit lighting might be classified as “direct”. In actual practice, it is 
normally referred to as “indirect,” since it is actually a form of cove lighting. 


Step 6. Make a Lighting Calculation 


Procedures for making lighting calculations are 
provided in all lighting handbooks, and in many of 
the catalogs of lighting equipment manufacturers. 

The normal routine is to select a specific type 
of luminaire, and then select a specific luminaire 
of this type as made by a specific lighting equip- 
ment manufacturer. From the manufacturer’s 
catalog determine the coefficient of utilization and 
maintenance factor for this specific luminaire. 
The coefficient of utilization selected should be 
that CU value listed for the room index of the area 
to be lighted. Room Index tables are also provided 
in most manufacturer’s catalogs, and in lighting 


handbooks. Lumen output for the light sources 
being considered are available in the lamp manu- 
facturers’ literature and lamp price schedules. 

Use the standard lighting formula, and calcu- 
late for total lumens required to produce the foot- 
candle levels of illumination desired. Divide the 
total lumens required by the total lumen output 
per luminaire. This gives the number of lumin- 
aires required for the total area. 

In making these calculations, the values may be 
related to the total area of the project, to the area 
per luminaire, or to the area per bay or other 
convenient or practical subdivision. 
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Meet Today’s Needs for Higher Industrial Lighting 


Levels with fixtures bearing the 


ey LL Quality Label 


New, Higher I.E.S. Industrial Lighting 
Recommendations make the RLM LABEL 


MORE IMPORTANT THAN EVER BEFORE! 








O Why do the new, higher, lighting levels now 


recommended by the Illuminating Engineering 
Society make the RLM LABEL 
More Important than ever? 


You can’t have Quality Lighting 
without QUALITY 
LIGHTING FIXTURES. 


Higher Lighting levels put more importance on s ; 

. ° ° “ oz RLM 
conformance to highest RLM concepts of lighting fixture { 3 Glasstec! 
design, construction, performance and maintenance features. 


O What is meant by... 
“Only the RLM Label provides 
this essential warranty of 


UNIFORM QUALITY..."? 


It takes over 


1000 WORDS to cover 


the RLM specifications for each type of fixture. Further, 
it requires the services of the Electrical Testing Laboratories 
of New York (an independent engineering organization ) 
to insure uniform and consistent conformance by 

making periodic tests from samples secured both from 
the production lines and the field stocks of every 
participating manufacturer. The simple passing of the 
tests by the submission of a sample or samples is not 
enough. To be entitled to the RLM Label, fixtures 

are subject to continuous examination and must 
uniformly meet the RLM quality Spec’s so as to insure 
unvarying quality from fixture to fixture. 


8 





RLM STANDARDS INSTITUTE, INC. 
Suite 8195, 326 W. Madison St. 
Chicago 6, Illinois 


THIS COUPON IS FOR 

MEN WHO WANT 

ALL THE FACTS 

() Please send the FREE RLM Specifi- 
cations Book containing latest Specifi- 
cations and 10 pages of facts about 
the RLM Label. Also, a complimentary 
copy of the New Higher 1.E.S. 
Industrial Lighting Recommendations. 
Name 


Company 


Address 


STANDARDS INSTITUTE L” ae 
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Steady plant production demands dependable power cable... 
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HABIRITE-HABIRPRENE CABLE 
gives unexcelled performance! 


To help assure uninterrupted production, modern greater resistance to heat, oxidation and ozone; im- 
industrial plants require reliable cables for delivering proved electrical properties, including superior insula- 
electric power to production lines. The service reli- tion resistance; higher copper operating temperature; 
ability of Phelps Dodge Habirite-Habirprene is unsur- superior flexibility; improved mechanical toughness 
passed by any other rubber insulated neoprene against damage from installation hazards and extra 
jacketed type RR cable resistance to corona, an absolute necessity for high- 

Habirite-Habirprene is a combination of specially voltage neoprene jacketed cable. 
engineered butyl rubber insulation and neoprene As a general purpose cable, Habirite-Habirprene 
jacket. The overall features of this cable provide assures the utmost in safety, durability and reliability. 


See Your Phelps Dodge Distributor! 


DODGE COPPER PRODUCTS 
CORPORATION 


SALES OFFICES: Atlanta, Bi gham, Ala, Cambridge, Mass, Charlotte, Chicago, Cincinnati, Cleveland, Dallas, Dayton, Denver, Detroit, Fort Wayne, Greensboro, N.C.. Houston, Indianapolis, Jacksonville, 
e 


Kansas City, Mo. | Angeles, Memphis, Milwaukee, Minneapolis, New Orleans, New York, Philadelphia, Pittsburgh, Portland, Ore., Richmond, Rochester, N.Y, San Francisco, St. Louis, Seattle, Washington, D.C 
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If more than one type of light source is being 
considered, for purposes of comparison, similar 
calculations should be made for each, and based 
on the appropriate luminaires for each. 

The above comments apply for interior lighting, 
and for typical luminaires. If indirect lighting is 


involved, from coves, wall urns, pedestals, etc., 
the manufacturers’ instructions should be fol- 
lowed. Also, for outdoor floodlighting problems, 
or street or highway lighting, etc., use the IES 
Lighting Handbook, or manufacturers’ instruc- 
tions, for making the calculations. 


Step 7. Prepare a Lighting Layout 


When the number of luminaires required has 
been determined, the next step is to fit these 
luminaires into the area in a logical and practical 
arrangement. Symmetrical arrangements, from an 
appearance standpoint, are usually preferred. 
Where a special arrangement provides a func- 
tional use, such arrangement is usually satis- 
factory but should be adopted with caution and 
due regard for appearance. 

If the number of units calculated to be correct 
for the illumination level required does not con- 
form to a symmetrical layout, the number of 
units should be increased to provide the desired 
symmetry and best appearance. When such in- 
crease in units greatly increases the resulting 
illumination level desired, it may be possible to 
reduce the number or size of lamps per unit to 
achieve the proper lighting level. This may in- 
volve another series of lighting calculations and 
further “trial and error” layouts until the appro- 


priate number of units and layout arrangement 
has been achieved. 

A recent valid criticism of current lighting sys- 
tem design practice is the uniformity of appear- 
ance of lighting systems from one installation 
to another. Such monotony, inherent in continuous 
row and geometric arrangements of fluorescent 
lighting equipments, whether surface mounted or 
recessed, and in wall-to-wall luminous ceilings, is 
recognized. It is a by-product of mass production 
of almost identical designs of luminaires and 
equipments by a large number of manufacturers. 
The solution to this problem rests with equipment 
manufacturers and their representatives, and in 
collaboration with architects and engineers in the 
design of new and imaginative lighting appli- 
cation techniques. The technological know-how, 
light sources, and myriad lighting components, for 
producing the required lighting levels and com- 
fortable visual environments, already exist. 


Step 8. Provide for Fliexible Control 


Electric lighting is now an essential commodity 
in our way of life. It is in use 24 hours a day, 
every day, throughout the nation. It is used to light 
our homes, our places of work, our recreation areas, 
our streets and highways, tunnels, bridges, outdoor 
signs, monuments, airports, gasoline service sta- 
tions, restaurants, theatres, night clubs, ete. 

The need for higher lighting levels generally has 
been recognized. Footcandle levels will be approxi- 
mately doubled over the next few years from exist- 
ing levels, especially in retail stores, offices, drafting 
rooms, and industrial plants. 

In view of the increasing levels of illumination, 
and of the expanding use of electric lighting, the 
need for greater flexibility in lighting control be- 
comes evident. This need is perhaps greatest for 
home lighting systems, where it is desirable to 
create a variety of lighting effects, ranging from 
low level decorative and mood lighting to high level 


illumination for reading, sewing, playing cards, and 
similar activities. Such lighting flexibility also be- 
comes desirable for multi-purpose auditoriums, 
gymnasiums, school classrooms, and for restaurants, 
exhibit halls, hotel lobbies, banquet halls, private 
offices, and many others. 

Lighting flexibility can be obtained by either of 
two basic methods. One method is to use multiple 
switch control to a single multiple-lamp luminaire, 
or to a multiple-lamp area such as a luminous ceil- 
ing. The other method is to use a dimmer system 
on all of the lighting circuits. With new and im- 
proved dimming devices becoming available, the 
dimming method is automatically becoming more 
practicable for lighting systems wherever multiple 
lighting effects may be desired. Included in the new 
dimming devices are new and improved methods for 
dimming fluorescent lighting systems over a 
broader range of intensities. 


Step 9S. Analyze Available Power 


Part and parcel of lighting system design is the 
wiring system which provides the electric power to 
operate it. In general, this includes the branch cir- 
cuit wiring, switching, dimmer control, etc. back to 
the lighting panels, which serve as a practical point 
of divisional responsibility. Actual design of the 
branch circuit wiring system may be done either 
by the lighting engineer, or by the electrical system 


design engineer in full cooperation with, and under 
the direction of, the lighting engineer. 

In the interest of lighting economics, however, the 
lighting engineer should go still further. In co- 
operation with the electrical engineer, he should 
investigate and analyze the type of electric power 
which is available for serving the lighting load, 
especially on lighting projects involving loads of 50 
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BB al= 
TAP 
that 
TOPS 
them 
1 | 


THE MULTI-PURPOSE LYiAd UTILI-TAP 
for aluminum and/or copper conductors 


Tired of all the expensive clutter in your 
stock rooms—a special tool for this, a special 
piece of hardware for that? Now you can 
clear out a lot of your inventory clutter with 
all new A-MP UTILI-TAP. 

Here is a product that can be used on 
diverse tapping installations—like no other 
product on the market. It’s permanent, it’s 
sure and it will do many, many jobs. 

Your stock can be simplified and easily 
maintained. Your linesmen can now go up 
the pole without pockets filled with miscel- 
laneous parts or belts loaded with special 
tools. Simplify with the A-AMP UTILI-TAP. 


ee 


Light-weight matched tooling available in 
mechanical or hydraulic types. 


The only tap on the market that converts from 
an easily attached open barrel construction to a 
permanent, closed barrel attachment, 


Look at these unbeatable features 


Exclusive split barrel 
construction for 
controlled 
independent crimps 
that prevent 
distortion and won’t 
loosen or split 


Exclusive locking 
tabs that are crimped 
through barrel slots 
and permanently 
locked to barrel body 
by application tool 


Inner barrel 
dimple serrations 
to increase 
tensile strength 


plating and inhibitor ye 
compound for 


long-life corrosion 
resistance 


Full range of wire size combinations for 
aluminum, copper or ACSR conductors, 


Send today for more information to solve your tap inventory and reliability problems simultaneously. 


American Pamcor, Inc. apf 


GENERAL OFFICES: 181 HILLCREST AVE., HAVERTOWN, PA. 
Exclusive Distributor For IXJNZ Products To The Utility Industry 
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Lighting System Voltages 
(Single Phase—Volts) 


60 Cycle High Frequency 


Incandescent Electric 
Filament Discharge Fluorescent 
Lamps Lamps Lamps 








28-32 110-125 400** 
110-125 200-216 600** 
220-240 220-240 

240-280 
440-480* 


*Mercury lamp transformers. 
**Phase-to-phase voltage, with grounded neutral to provide less 
than 300 volts to ground (NEC). 


kw and above, or on many special lighting applica- 
tions such as athletic field houses, large gymnas- 
iums, armories, banks, air conditioned concentrated- 
work production areas, etc. 

This analysis should include a study of the vari- 
ous voltage and phase combinations available from 
the electric utility service normally in use, and in 
the case of exceptionally large lighting loads, of 
any other electric power service which might be 
made available on a special basis. Voltages which 


are now in common usage for lighting systems are 
given in the table “Lighting System Voltages,” for 
standard 60 cycle power and for high frequency 
power systems. Once the lighting engineer has com- 
pleted his basic lighting layout (Step 7), he is in a 
position of being able to make economic studies to 
determine the most economical electrical distribu- 
tion system for the specific electrical loads and 
length of runs for sub-feeders and branch circuits 
involved. 

Most economic studies over the past few years 
have shown substantial savings for systems utiliz- 
ing higher voltages (especially 277-volt lighting 
systems served by a 480/277-volt 3-phase 4-wire 
service). Also, many recent studies have shown that 
higher-frequency power for lighting (360, 400, 840, 
1500 cycle systems) offer economic and other ad- 
vantages. 

As higher lighting levels are adopted, the im- 
portance of higher voltage distribution systems, and 
especially of higher frequency electric power at 400 
volts or 600 volts, increases. The use of high fre- 
quency power has the distinct advantage of reduc- 
ing the heat load for air conditioned areas of up to 
20%, and savings are further reflected in total ca- 
pacity requirements for air conditioning equipment. 


Step 10. Check for Practicality 


After completing a lighting system design, it is 
always a good idea to study it objectively before 
proceeding with its recommendation or specification. 
Such study should be made to provide a measure of 
its economy and practicality. 

One of the first things to do, as a precautionary 
measure, is to double-check all calculations. In mak- 
ing this check, all dimensions should also be verified. 
Further, the conclusions reached for each of the 
above nine steps should again be gone over briefly 
and verified, based on the final proposed lighting 
system design. 

Every lighting system affects other mechanical, 
electrical, or structural details. Thus the proposed 
system should be further analyzed to determine that 
it is practical from these standpoints. Some of the 
checks which should be made include: 

Electrical load—Calculate the total electrical 
load required for the lighting system, including the 
watts loss in ballasts, or auxiliaries. Translate this 
into “watts per sq ft”, and compare it with stand- 
ard, or normal, practice. 

Air conditioning—Determine the impact of the 
electrical load for lighting on the air conditioning 
system. This factor will normally be handled by 
the air conditioning engineer, but if the electrical 
load is considerably higher than normal, it will mean 
that air conditioning capacity must be installed to 
take care of it. Such additional capacity should 
logically be charged against the lighting system in 
making economic studies. In view of the higher 
lighting levels being recommended by the Illumi- 
nating Engineering Society, as adopted in 1958, 
this factor will grow in importance as the new light- 
ing levels are adopted and put into use. 
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Another factor of importance in connection with 
air conditioning systems is to check for interference 
between air diffusers, air ducts, etc., and luminaires 
or lighting equipment. The lighting engineer must, 
of necessity, work closely with the air conditioning 
engineer to resolve such problems of equipment 
mounting locations. 

Heat Dissipation—Since many of the modern 
lighting systems are of the recessed, or built-in 
types, it may be found practical and advisable to 
consider methods for dissipating heat loads from 
lighting equipment by means of special ventilating 
systems for the lighting units, so that the lighting 
system heat load does not become a part of the air 
conditioning problem. Many studies are already 
being made on this problem, and this approach 
should be considered for lighting systems which 
generate excessive amounts of heat. 

Conflict With Other Devices — The proposed 
lighting system should be checked for interference 
with any structural details, or with sprinkler sys- 
tems, public address systems, etc. Preliminary 
analysis of the proposed lighting system will at least 
reveal possible conflicts between the lighting system 
and these other factors, and aid the lighting engi- 
neer in resolving them with the architect or allied 
trades engineers. 

From the owner’s viewpoint, both first cost and 
annual operating cost will be of interest. The light- 
ing engineer should develop estimates for each, on 
as accurate a basis as possible, and be prepared to 
discuss these costs in detail. The new third edition 
of the JES Lighting Handbook contains a suggested 
procedure for such estimates, on page A-28 of the 
Appendix. 
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For protection of wiring and equipment 
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PYLET conduit fittings, circuit controls, lighting 
fixtures and connectors are second to none for qual- 
ity and dependable service. 
Built-in, environment-resistant 
code requirements, to meet the exacting demands of 


features exceed 








industry today—for both hazardous and non-hazard- 
ous locations. Cast metal fittings with taper tapped 
hubs, smooth roomy interiors and cadmium plating 
insure economical installation and maintenance as 
well as long service life. 


Specify PYLETS. Sold Nationally through Authorized Distributors. 








THE 
PYLE-NATIONAL 
COMPANY 


WHERE QUALITY IS TRADITIONAL 
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1344 North Kostner Avenue, Chicago 51, Illinois 


Connectors » Conduit Fittings + Circuit Controls + Lighting Fixtures + Floodlights 
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DIVISIONS: Multi-Vent, Air Distribution + Steber Manufacturing Company, Lighting 
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Supplementary Lighting 


Applied lighting practice over the past 20 years 
or more (especially since the introduction of the 
fluorescent lamp in 1938) has been to provide gen- 
eral lighting, of more or less uniform footcandle 
levels, in stores, offices, classrooms, production 
areas, etc. Illumination levels installed have ranged 
from about 20 footcandles up to 50 and 75 foot- 
candles for these purposes, with many installations 
over the past four or five years ranging to 100 foot- 
candles and above, depending on the degree of sever- 
ity of the seeing tasks involved, and the general 
acceptance of users of the need for more light. 

This practice of installing uniform lighting levels 
throughout an area replaced the earlier concept, 
generally in practice in the 1920s and 1930s, of 
installing low levels of general lighting in an area, 
and supplementing this low level general lighting 
with considerably higher lighting levels at the point 
of work. This so-called “general plus local lighting” 
approach has been considered more or less obsolete 
in recent years, except for critical seeing tasks 
where lighting levels of 200 footcandles and above 
were used. These tasks involved many applications, 
however, such as for inspection, fine machining, 
color work, etc. in industry, and for display light- 
ing in stores, show windows, special exhibits and 
similar applications. It was found to be desirable 
and more economical to provide these higher light- 
ing levels for use over small work areas and on dis- 
plays with supplementary type lighting, super- 
imposed on average level general lighting of suffi- 


cient quantity to maintain acceptable brightness 
ratios in the general field of view of the workers, or 
viewers of displays. 

Supplementary lighting has usually been accom- 
plished with reflector-type units installed close to 
the work areas, or with reflector spot or flood lamps 
in suitable fixed or adjustable type holders. Both 
incandescent and fluorescent units have been used 
for this purpose. 

The point-by-point method of calculation is used 
to determine estimated footcandle values from in- 
dividual supplementary lighting units. It is neces- 
sary, of course, to have a candlepower distribution 
curve for the unit being considered. Footcandle 
values may then be calculated for a point at any 
angle from the center axis of the unit, or on the 
axis. Most manufacturers of such equipment also 
supply charts showing footcandle values over a 
specified area located a specific distance from the 
unit, which eliminates the need for time-consuming 
calculations. 

In view of the higher lighting levels now being 
recommended by the Illuminating Engineering So- 
ciety for all difficult seeing tasks, it may once again 
become necessary to adopt the supplementary light- 
ing technique to achieve these new higher lighting 
levels economically. Lighting engineers may well 
find it advisable to consider this approach to many 
of their high lighting level projects, and to study 
new and better techniques for providing supple- 
mentary lighting. 


Color in Lighting 


Color is a most important consideration in light- 
ing design. Yet, it is usually one of the most neg- 
lected factors. 

All light has color, including daylight. There is 
no such thing as colorless light. Also, all objects, 
surfaces, and materials on which light falls (except 
black) have color. Therefore the lighting engineer, 
or others who plan a lighting system, is dealing with 
color. Thus to know and to fully understand color 
in all its phases is of utmost importance in plan- 
ning a visually and psychologically pleasant visual 
environment, for any and every type of interior or 
occupancy. 

The lighting engineer must consider color in 
lighting from two standpoints. First, he must con- 
sider the color of the light being used, or as pro- 
duced by the light sources. This applies to daylight, 
and to so-called “white” electric light, as well as to 
colored light (see “Spectral Quality,” under “Step 
4. Select Proper Light Source” above). Colored 
light may be produced directly by the light sources, 
as is done by all colored fluorescent lamps in which 
the phosphors produce colored light, or by the sub- 
tractive (filter) method, as is done by incandescent 
lamps using colored glass bulbs, or in reflectors with 
an accessory color filter. 

Secondly, the lighting engineer must consider the 
color of the objects being lighted, including walls, 


floors, machines, people, merchandise, etc. Every 
object on which light falls also has color. By defini- 
tion, the color of any object is “the capacity of the 
object to modify the color of the light incident upon 
it.” There is therefore an interdependence of light 
and color which cannot be ignored, if an acceptably 
pleasant visual enviromnent is to be achieved. 

The lighting designer (or the architect, interior 
designer, or others) must know the color and re- 
flectance values of the various surfaces in the in- 
terior which he plans to light in order to select an 
appropriate “color” of light source, either of the 
so-called “white” light, or of colored light, such as 
red, blue, green, yellow, etc., or conversely he must 
select appropriate colors for all interior surfaces 
(ceiling, side walls, floor, furnishings, etc.) which 
will blend harmoniously with the “color” of the light 
sources to be used. 

Color also creates an effect of psychological sig- 
nificance. It can be used effectively to provide a 
psychological “warmth,” or “coolness,” or mood of 
“action,” or of “somberness,” etc. So here, too, the 
lighting designer can provide suitable lighting to 
complement the decorator’s color treatments and 
thereby produce a more effective decorative “mood,” 
or theme. 

Colored light may also be used as such to create 
unusual and dramatic decorative effects. The pri- 
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- THE ORIGINAL 


5 INDENTER FITTINGS 
Over 25 Years of Proven Performance 





BRIEGEL RED THROAT 


1) Protruding rounded red plastic 
lip of bushing prevents cutting 
of insulation—eliminates shorts. 


Full thread screws into all con- 
duit fittings. Lip of RED THROAT 
bushing protects thread from damage. 


Deep dished eight pronged lock 

nut is easier to drive on—screws 
flush to shoulder and digs into metal 
of box for vibration proof positive 
ground. 


oO Two quick squeezes with The 

Briegel Indenter and BM All 
Steel Indenter Fittings are set forever. 
Metal is pressed into metal for perma- 
nent installation and positive ground. 














NEW POCKET SIZE INDENTERS 


Just 10” long, these new patented 
compound leverage indenters are 
only plier size. Lighter to carry and 
easier to use—the leverage does the 
work. No. 607 for /2” and No. 608 
for ¥%”" fittings. 


Wn | METHOD TOOL COMPANY 
repudiate 


concrete-tight and for general use (File Card E10863), 
Also comply With Federal Specifications W-F-406, 


ALL BRIEGEL FITTINGS ARE U.L. APPROVED AS CONCRETE-TIGHT 
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mary colors of light are red, green and blue. By 
mixing these primary colors of light in proper pro- 
portions, white light is produced. By using various 
combinations and intensities, an almost unlimited 
range of “color” effects are possible. Applications 


for this type of lighting are practically endless, and 
designers should know and understand this subject 
well to design better and more elaborate systems 
which reflect true color harmony, and which pro- 
vide desired dramatic color lighting effects. 


Residential Lighting 


Lighting for the home should tie in with family 
life and activities. Family size, living habits, social 
activities, sports, hobbies, and similar factors vary 
greatly. Therefore, wherever practical, home light- 
ing should be custom-designed to meet the specific 
requirements and individual preferences of the in- 
dividual family. 

Fundamental to home lighting design is the pro- 
vision for a wide variety of lighting effects, to en- 
able the proper environment to be created for each 
family activity, seeing problem, or decorative treat- 
ment. This demands the use of many different light- 
ing techniques and types of lighting devices, with 
maximum control flexibility. Only through this ap- 
proach to the home lighting problem can the family 
begin to approach the many benefits and conveni- 
ences of better light for better living. 

The principal purpose for lighting in the home is 
to provide comfortable seeing for work, play and 
relaxation. But it can, and should, be made to serve 
many other needs. It should enhance the appear- 
ance, the atmosphere and the decorative treatment 
that helps to transform a house into a home. It 
should create a sunny and cheerful mood and-envi- 
ronment. It should be flexible to permit a wide varia- 
tion in lighting effects to meet varying moods, and 
for psychological and decorative value. 

The lighting environment in the home, as in com- 
mercial establishments, extends beyond and is in- 
fluenced by more than just the lighting system. It 
includes the walls, ceilings, floors and furnishings. 
These areas reflect light and cause rooms to appear 
larger, more cheerful, more colorful, more livable, 
when medium to light finishes are used. Dark fin- 
ishes have the opposite effect. 

The broad range of light sources, lighting tech- 
niques and lighting units makes it possible to select 
lighting systems which fit family budgets, yet re- 
main appropriate for varying decorative treatments 
for individual family habits and requirements. 
When combined with appropriately finished light 
colors on all interior surfaces, a more satisfactory 
lighting environment may be expected. 

From a lighting design standpoint, the rooms of 
a house can be divided into two basic groups. For 
one group, consisting of living room, dining room, 
bedrooms, den or study, halls and stairway, and 
recreation or play room, general diffuse illumination 
should be provided throughout each room, supple- 
mented by local lighting at all furniture groupings 
or local areas where higher intensities may be 
needed for difficult seeing problems. Also, provision 
should be made to use light in these rooms as a 
decorative medium. For the other group of rooms, 
consisting of kitchen, bath, laundry, pantry, etc., 
or service areas, a higher level of general lighting 
for utilitarian purposes should be planned. 

For general illumination, overhead ceiling lights 


are generally most satisfactory. In the living room, 
dining room and bedrooms, these should be decora- 
tive in character to harmonize with the furnishings, 
or may consist of coves, valances and cornices where 
the budget will permit. Recessed spots and floods 
carefully shielded, may also be used to light murals, 
pictures, indoor plants or flower arrangements, etc. 
Lighted ornaments, wall cabinets, etc. may be used 
as purely decorative devices. 

In the kitchen, uniform general illumination may 
be provided by a ceiling lighting system, ranging 
from a single ceiling unit to a complete wall-to-wall 
luminous ceiling. Large-area low-brightness re- 
cessed panels are an excellent intermediary solu- 
tion. Supplementary lighting should also be pro- 
vided over all work areas—food preparation, range, 
dishwashing center. Recessed incandescent units 
with concentrated light distribution can be used for 
some of these areas, and fluorescent wall brackets, 
or fluorescent strip lighting under cabinets, are also 
suitable where they can be installed. 

In the bathroom both an overhead ceiling lumi- 
naire and two wall brackets, one on either side of 
the mirror, are desirable. 

Overhead utilitarian lighting units are desirable 
in the laundry, in the furnace room, over a work 
bench, in the garage, and in other similar service 
areas. : 


IES Recommended Illumination for 
Residences 


Foot- 
General Lighting candles* 


Entrances, hallways, stairways, stair landings 10** 
Living room, dining room, bedroom, family room, 

sun room, library, game or recreation room _ 
Kitchen, laundry, bathroom 30 


Specific Visual Tasks 


Table games 30 
Kitchen sink 70 
Kitchen range and work surfaces 50 
Laundry, trays, ironing board, ironer 50 
Reading and writing, including studying 

Books, magazines, newspapers 30 

Handwriting, reproduction and poor copies 70 

Desks, study 70 
Reading music scores 

Simple scores 30 

Advanced scores 70 
Sewing 

Dark fabrics (fine detail, low contrast) 200 

Prolonged periods (light to medium fabrics) 100 

Occasional periods (coarse thread, large stitches, 

high contrast thread to fabric) 30 

Shaving, makeup, grooming; on the face at mirror 

locations 50 


*Minimum on the visual task. 
**General lighting for these areas need not be uniform. 
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The general principles of good lighting design 
should be followed in lighting each area of the home. 
Less emphasis is required on footcandle intensities, 
except for sewing and study areas, and for loca- 
tions for relaxed reading, and greater emphasis is 
desirable on the decorative aspects. 

Portable floor and table lamps incorporating good 
lighting design principles may, of course, be used. 
But these present the hazard of portable cords, 
and take up needed floor space. In general, equal or 
improved lighting effects can be provided by suit- 
able built-in or permanently-installed standard 
lighting units. When these fixed units are properly 
controlled by switches or dimmers, full flexibility 
results and the system is much more satisfactory. 

There is such a wide variety of units and equip- 
ments available as to make it impracticable to at- 
tempt a more detailed procedure for designing 
the lighting for a home in the limited space avail- 
able here. It is believed that the general principles 
of home lighting design outlined above, if followed, 
will serve as a suitable guide, when implemented 
by the experiences and inherent creative ability of 
the average lighting designer. 

New recommended levels for home lighting were 
approved and adopted by the Illuminating Engi- 
neering Society in 1958. These new footcandle 
values are given in the table “IES Recommended 
Illumination For Residences”, and should be fol- 
lowed as a guide for minimum requirements. 


Exterior Lighting 


Every home needs a certain amount of outdoor 
lighting for utilitarian purposes. In addition, many 
homes present an opportunity for the lighting of 
yards, lawns and grounds for increased use and 
beauty, and for artistic effects after sundown. 

Lighting for utility includes the installation of 
lighting units at strategic locations for the quick 
and easy seeing of both visitors and members of the 
family on entering or leaving the house, garage, or 
grounds, and to discourage trespassing. This in- 
cludes an illuminated house number (at driveway 
entrance, on the lawn, or at the front door), wall 
brackets, step lights, eaves-recessed or surface 
mounted floodlights at the front entrance, post-top 


lanterns at the end of the entrance walk and at the 
driveway entrance, bracket light or floodlights for 
the rear entrance to the house and over the garage 
door, and floodlights or low-mounted lights to light 
walks and driveways. 

Outdoor lighting may also be used for lighting 
entertainment and play areas, such as tennis courts, 
outdoor volley and basketball courts, barbecue pits, 
shuffleboard courts, ping pong tables, croquet courts 
and private swimming pools. The extent to which 
this type of outdoor home lighting is practical will 
be governed, of course, by the existing facilities of 
this type and the habits and outdoor activities of 
the family. 

Lighting units installed for utility, or to pro- 
vide safety for entry and exits to the house and 
garage, may also be used on a special lighting circuit 
to provide lighting for protection. Also, special 
floodlights or prismatic lens units may be mounted 
around the perimeter of the house, and connected to 
a special circuit specifically for protective lighting. 

With more and more families being attracted to 
outdoor living during summer months, and year- 
round where climate permits, outdoor lighting for 
decoration can be used to excellent advantage. 
Vistas out the living room windows, or from the 
terrace, can be made most pleasing at night through 
the intelligent use of light and color. Artistic pat- 
terns of light and shadow can be created, and by 
means of multiple switching arrangements and 
dimmer control, the total lighting pattern may be 
adjusted to changing mood and artistic fancy to 
meet prevailing requirements. 

A wide variety of types of outdoor lighting units 
are now available for lighting flower beds, or shrub- 
bery, for underwater lighting in color of swimming 
pools or reflection pools, for fountains, lily ponds, 
rock gardens, and similar points of interest. Bright- 
ness patterns may be created outside large glass 
windows to provide a natural transition between 
outdoor and indoor areas. Overhead strings of 
lights, enclosed in Japanese lanterns or similar 
decorative devices can be used to add gaiety and a 
festive mood for outdoor parties. Lighting de- 
signers can devise individual and artistic applica- 
tions to suit specific outdoor areas of individual 
home owners, 


Outdoor Lighting 


Application trends in outdoor lighting systems are 
being influenced greatly by the trends in light 
source design and development. The incandescent 
lamp has been popular for most outdoor lighting 
purposes through the years, especially up to the end 
of World War II. A major reason for this popularity 
was the fact that the filament lamp provides a point 
source of light, which makes it easy to control the 
light distribution from the luminaires; also that 
first cost of the equipment was generally low. 

Over the past 14 years, or since the end of World 
War II, there has been a growing trend to the use 
of fluorescent and mercury vapor floodlights and 
luminaires in practically all phases of outdoor light- 
ing. An inherent advantage in each of these light 
sources is the long life which may be expected. Long 


life lamps simplify maintenance and result in lower 
maintenance costs. Both light sources are inherently 
more efficient, and produce up to three times as 
much light for the same power consumption. 

In general, mercury vapor lamps are to be pre- 
ferred where accurate light control or specific light 
distribution patterns is a major consideration, while 
fluorescent lamps are ideal for applications which 
require diffused light. Mercury vapor lamps are, for 
practical purposes, approximately “point” sources, 
while fluorescent lamps are “line” sources. However, 
floodlights and luminaires have been developed for 
each light source to provide a variety of light distri- 
bution patterns, and either light source may now 
be used for most outdoor lighting applications. 

Outdoor lighting system design is specialized, to 
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| Precision Guidaiice 
of Nearly a Mile 


of Plate Glass... | 


a ~ 


controls by 


ALLEN-BRADLEY 


of course! 


The New Pittsburgh Plate Glass Plant at Cumber- 
land, Maryland, heralds a new era in the art of plate 
glass making. Night and day, a continuous ribbon 
of glass is fed to a nearly mile-long process line. Then 
a complex control system directs the automatic cut- 
ting, sorting, and conveying of the glass to six areas, 
according to a continuously varying program. 
Special control panels which integrate portions of 
this equipment into a unified, smoothly operating 
j system were designed, developed, and engineered by 
- Allen-Bradley. You can benefit by this extensive 
ae es je control experience .. . it is a “plus” value when you 
Lae ala pL specify Allen-Bradley quality motor control. 
A series of control panels such as this is used in the Pittsburgh Allen-Bradley Co., 1316 S. Second St. 
Plate Glass cutting room. Above are shown the Allen-Bradley Milwaukee 4, Wis. 
engineers after completing the factory testing of the final panel. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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In the cutting room at Pittsburgh 

Plate Glass Plate Glass (below), Allen-Bradley 
controls prove the reliability of their 
G “simple design.”’ All A-B solenoid 

made by the mile starters, contactors, and relays have 
only ONE moving part... assuring 

millions of trouble free operations. 


with reliable There are no bearings or jumpers to 


cause trouble. Contact maintenance 


is also eliminated—A-B double 

A L te EB N - B R. A D as EB Y break, silver alloy contacts remain 
in perfect operating condition until 

l . completely worn away. Insist on 
Contro S . Allen-Bradley quality motor controls 


. .. you cannot do better! 





Among the A-B components included in this group of control panels are contactors, 
control relays, pneumatic timers, and electronic timers. In addition, there is a series 
of oiltight push button units and oiltight limit switches used in the cutting room. 


atid aad athe Se MEA 2 dla. 


Some of the standard components which are used in this plant 
is) 
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Contactor— Bulletin Solenoid Starter Control Relay— Limit Switch—Bul- Pneumatic Timer 
702, Size 3 shown. Bulletin 709, Size 2 Bulletin 700. Uni- letin 802T. Oiltight Bulletin 849 for on- 
Made up to Size 8, shown. Made inratings versal type relay with roller lever type delay or off-delay. 
rated 1350 amps, to 450 hp, 220v; both N.O. and N.C. shown. Also with many Range from 1/20 to 
220-550 v. 900 hp, 440-550 v. contacts shown. other operators. 180 sec + 10%. 


ALLEN-BRADLEYE = 


° World’s longest push button panel? 

Q u es F l 1] t y M oO t oO r C oO n t r oO l Six such control stations, each with this array 
of Allen-Bradley push buttons plus pilot 

lights, are used to select and operate cutters. 














Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 5-59-MR 





considerable extent, and for that reason will not be 
treated in detail here. Instead, sources of design ma- 
terial are given, which provide details and data 
needed for the design of such systems. 

Street and Highway Lighting—The Illuminating 
Engineering Society sponsored an “American 
Standard Practice for Street and Highway Light- 
ing,” which was approved by the American Stand- 
ards Association, Inc. on February 27, 1953. This 
Standard Practice classifies luminaires according to 
light distribution patterns, and gives recommended 
footcandle values for various densities of vehicular 
and pedestrian traffic, including mounting heights, 
spacings, and layouts for luminaires. These Stand- 
ards are available from the Illuminating Engineer- 
ing Society and the American Standards Associa- 
tion, Inc. Manufacturers of street and highway 
lighting equipment classify all luminaires in ac- 
cordance with the IES Standards, and can also sup- 
ply layout and design data and information. 

The Street and Highway Lighting committee of 
the IES has under active study a revision of the 
American Standard Practice of Street and Highway 
Lighting, based on studies by Dr. H. R. Blackwell. 


Sports and Recreation—A wide variety of open 
and enclosed types of floodlights are available, for 
all types of light sources, for all classes of sports and 
recreation lighting, from several manufacturers of 
outdoor lighting equipment. Lighting design tech- 
niques are given in the JES Lighting Handbook, 
and they are available from equipment manu- 
facturers. 

The Illuminating Engineering Society also has a 
Recommended Practice for Sports and Recreation 
Lighting, and this practice is being revised. The new 
revised edition should be available late in 1959. 

Floodlighting—Floodlighting is used for a wide 
range of applications, including: buildings, monu- 
ments, swimming pools, gasoline service stations, 
used car lots, outdoor signs, construction projects, 
storage yards, railroad yards, decorative effects, 
protective lighting, loading docks, etc. Lighting de- 
sign procedures are given for most of these applica- 
tions in the 1959 JES Lighting Handbook, and from 
the manufacturers of outdoor lighting equipment. 
Many of these applications will lend themselves to 
special lighting treatments, which should be con- 
sidered whenever applicable. 


Lighting Maintenance 


A factor in lighting system design which in gen- 
eral receives far too little attention is that of light- 
ing maintenance. This is a factor which the light- 
ing engineer can, and should, do something about. 
What he can do will be limited, of course, to the 
inclusion of features and provisions for making 
maintenance simple, easy, and inexpensive. Re- 
sponsibility for the use of these features and pro- 
visions, after the lighting system is installed, will 
rest with the owner. 

Two approaches to this problem are available to 
the lighting engineer. One approach is to select 
luminaires and lighting equipments which include 
easy maintenance features designed and built into 
the units by the lighting equipment manufacturers. 
Such features include: quick, safe and easy relamp- 
ing; readily accessible components, such as lamp- 


holders, ballasts, wiring; easily removed reflectors, 
diffusers, louvers; use of quality reflectors, which 
can be restored to original efficiency by damp cloth 
or washing; use of diffusers which are destaticised, 
light-stable, and which can be easily cleaned; use 
of light-stable plastic louvers, or metal louvers 
which have a tough and durable finish; etc. 

The second approach is to provide easy access 
to all lighting equipment. This means keeping 
mounting heights low enough for the luminaires to 
be readily reached from ladders, of using recessed 
equipment which permits easy access to lamps, re- 
flectors, ballasts, etc., of providing catwalks, hinged 
units, lowering devices, etc., for luminaires, re- 
flectors and equipment installed in medium and high 
bay areas and in high ceilings where ladders, up- 
right scaffolds, etc. would not be practical. 


Maintenance Steps for Increased Lighting Levels 


Average Illumination found 


having poor lightin 


to normal rating—58 FC. 
Ceiling and side walls repainted in tight colors—68 FC. 


Old luminaires replaced with efficient new units —75 FC. 
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Unannounced visitor picks random samples 


from production line of each Certified Ballast 


Manufacturer for monthly ETL test...so you can be 


sure CBM symbol always means “up to specification” 


HIS gives you extra assurance of CBM quality. 
At least once each month, an ETL inspector 
“just happens” to visit the plant of every Certified 
Ballast Manufacturer ... and picks random samples 
right from the production line. Each sample is 
clearly marked and dated to prevent substitution; 
all must be shipped to Electrical Testing Labora- 
tories for test against the CBM specification. Should 
any fail to meet it, the right to use the CBM emblem 

is withdrawn until the condition is corrected. 
Behind this positive assurance of continuing CBM 
quality is the CBM specification, that provides depend- 
able performance, better ballast value, including: 

High power factor + Long ballast life 

High light output + Low cost of illumination 
Long lamp life 


And of course, Certified CBM Ballasts are UL listed. 

For one very practical slant on why Certified CBM 
means better ballast value and better performance 
from fluorescent fixtures, write for: “Why High 
Power Factor Ballasts cut your lighting costs”. 


CERTIFIED 
BALLAST 
MANUFACTURERS 


2118 KEITH BUILDING 
CLEVELAND 15, OHIO 


CBM 
CERTIFIED 


Participation in CBM is open to any manufacturer who wishes to qualify 
8-69 
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USE MODERN DESIGN FOR... 


HEATING AND 


AIR CONDITIONING 


LECTRICAL engineers designing heating and 

air conditioning installations will normally do so 

in conjunction with manufacturers’ engineers, 
since much of the equipment is designed for system 
operation rather than as isolated components. 

Design considerations involved in sizing electric 
heating and cooling equipment for comfort con- 
ditioning of buildings are beyond the scope of this 
manual. However, since electrical men are becoming 
increasingly involved in the engineering, specifying 
and installation of electric heating and air con- 
ditioning equipment, many are becoming proficient 
in the principles of heat transfer, humidity control, 
and other factors affecting the selection of equip- 
ment capacities. For a thorough treatment of these 
subjects the reader is referred to such standards 
as the Heating Ventilating Air Conditioning Guide 
published by the American Society of Heating and 
Air Conditioning Engineers, New York. 

Only those factors affecting the design of electri- 
cal wiring to such equipment, which differ in some 
respect from the general procedures discussed in 
earlier sections of this manual, will be considered 
here. 





Selection of Equipment Capacities 





The following general procedure is necessary to size space 
heating and cooling equipment and must precede all consid- 
erations of electrical loads and circuiting for such equipment: 


1. Investigation of climatological data to determine design 
temperature conditions. 


. Investigation of building construction to determine heat 
transmission coefficients of wall, ceiling and floor sections. 


. Calculation for each room or area to be heated (or cooled) 
of heat loss (or gain) due to conduction, convection, or radi- 
ation through building materials. 


. Choice of general type of equipment to be used. 


. Selection of equipment ratings corresponding to calculated 
heat loss (or gain). 


. Selection and location of thermostats and other controls re- 
quired to insure the maintenance of design conditions. 


Recommendations must also be made during the construction phase 
as to the type and quantity of thermal insulation required for efficient 
operation of equipment. 
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modern 
witha Sylvania 


Surface Mounted Fixture 


Sylvania offers two attractive series of shallow, surface 
mounted fixtures . . . the Mohawk and the Seneca. 

From these two fixture families you can choose appro- 
priate lighting units for modern lowceilings...andto match 
the proportions of almost any room. You have an extensive 
selection of widths, of shielding media and of lamp types 
to practically custom-design every lighting installation. 

Take a look at some of the outstanding features of 
these two fixture families. Then keep Sylvania in mind 
the next time you have an installation that calls for 
surface mounted units. 





These two fixture series typify the broadness of 
Sylvania’s entire line of modern fluorescent lighting 
equipment. To bring yourself up to date on the most 
complete fluorescent fixture line in the industry, 
write today for a catalog of Sylvania’s Lighting 
Fixtures and Systems. 


SYLVANIA LIGHTING PRODUCTS 
A Division of SYLVANIA ELECTRIC PRODUCTS INC. 
Department 59-5 
One 48th Street, Wheeling, West Virginia 











MOHAWK SERIES 


Sylvania’s MOHAWK Series 
This series of shallow fixtures comes in two widths. The 
Chief is a nominal 1’ wide and uses two lamps. The Super 
Chief is available with either four or six lamps in a 
nominal 2’ width. 

All units of the MOHAWK Series feature sturdy 
“‘wrap-around” chassis with ribbed plastic side panels. 
These polystyrene side panels illuminate the surrounding 
ceiling area to minimize brightness contrasts with ideal 
blending of fixture and ceiling. 

Through the use of a smooth fitting, hidden-hinged 
shield frame, the MOHAWK provides a wide selection 
of shieldings in plastic, metal and glass, to fit individual 
shielding preferences. 


Sylvania’s SENECA Series 

The SENECA features a dished panel of acrylic plastic 
which fastens directly to the fixture body without extra 
supporting devices. The resulting clean lines present a 
smart appearance which harmonizes with modern interi- 
ors. Together with soft, diffused illumination, the fashion- 
able appearance of the SENECA makes it the ideal fixture 
for many stores and offices, both large and small. 

The availability of three different widths in this versa- 
tile, solid-sided fixture series—1334"” with two lamps; 
15%" with four lamps; 2334” with six lamps—makes it 
simp]e to select the fixture width for the desired illumi- 
nation level and room appearance. 


co mooen we een™sey F SYLVANIA 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


FLUORESCENT LIGHTING FIXTURES AND SYSTEMS «+ BEST FIXTURE VALUE IN EVERY PRICE RANGE 
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Electric Heating 


For the great variety of industrial applications of 
electric heat, requirements may be summarized gen- 
erally by (1) the amount of heat necessary to raise 
the solid, liquid or gaseous material involved to the 
operating temperature and (2) the heat required 
to maintain this temperature. 

Due to the heat retentivity of building materials 
and the continuous nature of space heating loads, 
the initial heat to bring the space to temperature 
is not normally considered, design being based 
merely on the heat necessary to offset that lost by 
convection, conduction and radiation through the 
building itself to the outside. 

Equipment capacities for electric space heating 
applications are usually figured quite closely. In- 
dustrial and commercial users are faced with higher 
operating costs due to electrical demand charges, 
and effort is made to keep continuous loads as low 
as possible, consistent with actual requirements. 
Excess capacity would require extra means of con- 
trol to regulate the amount of connected load oper- 
ating at any one time. 

In industrial heating processes, on the other hand, 
a safety factor in the vicinity of 20% over-capacity 
is frequently adopted. Depending upon the specific 
process, factors often are present which cannot be 
forecast exactly, such as heat losses from exposed 
surfaces of equipment, heat absorbed by conduction 
to auxiliary apparatus, etc. Since most processes 
already include some form of control equipment, 


these controls serve to limit the kwhr consumption 
at any one time to that required without penalty. 


Industrial heating applications employing infra- 
red lamps take advantage of the high percentage of 
infrared radiation emitted despite their relatively 
low operating temperature. Installations consist of 
one or more infrared lampholders wired in sections, 
panels or strips arranged so as to direct the radiant 
output of the lamps onto the surface to be heated. 
Since lampholders will be subject to high tempera- 
tures at close spacing for long periods of time, a 
good grade, one-piece porcelain shell type should 
be specified for the screw-base lamp of 300 watts 
or less. Larger lamps having the medium bipost 
base are usually connected to the branch circuit 
using braided wire welded to the base posts. 

Standard switching and control equipment may 
be used. Where conveyors are used, interlocked 
circuits should be provided to disconnect lamps 
when conveyor stops to avoid extreme concentra- 
tions of heat. 

Lamps rated at 115 volts may be used on higher- 
voltage circuits by connecting several in series to 
make up the circuit voltage. Lamps are rated at 
several voltages in the 100-130-volt range to permit 
selection of voltages which will add up close to the 
actual circuit voltage and thus permit operation of 


Switching Control of Infrared Lamp Output 


To 460 v 

( phase -to-phase 
3-phase delta 
supply 


Fused 
disconnect 


460 v, sw closed 
230 v, sw open 


INFRARED HEATING output may be 
cut in half through use of disconnect 
switch in one phase on 3-phase delta 
system (top) or by series-parallel switch 
on single phase circuit (bottom). 


Induction Heater Supplied by Spark Gap Converter 


Resistance Inductance 


Reactor 
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capacitors 
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ELECTRICAL CONSTRUCTION 


Blocking 


capacitors 


SPARK GAP CONVERTER used for in- 
duction heating operates on parallel- 
resonant tank circuit principle; induct- 








ance coils are tuned for maximum out- 
put in heating coil. High voltage is 
generated across _ series-connected 


Heating 
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the lamps at their maximum efficiency. Where series 
operation is used, the lampholders must be rated for 
the circuit voltage, not the lamp voltage (National 
Electrical Code Section 4237). 

Although series operation results in lower wiring 
and equipment costs, the inconvenience of loss of 
heat from several lamps for each burnout and the 
subsequent searching for the faulty lamp may make 
115-volt circuits (provided through the use of trans- 
formers, if necessary) desirable. 

Variation of heat output is frequently obtained 
through use of a series-parallel switch to provide 
half voltage across the lamps on single-phase cir- 
cuits. On 3-phase 460-volt delta systems, four 115- 
volt lamps may be connected across phases a and b 
and four lamps across phases b and ¢, half-voltage 
being obtained by switching phase b as shown in 
accompanying diagram. Heat is also varied by vary- 
ing the speed of the conveyor carrying the “charge’”’, 
or material to be heated. Maximum rating of 
branch circuits feeding infrared lamp sections is 
50 amps (Sec. 4242). 

These wiring requirements apply also to tubular 
quartz lamps, which provide higher concentrations 
of energy than standard infrared lamps, except 
that all connections are made to branch circuits by 
splicing to lamp end leads. Lamp wattages vary 
directly with length of filament and consequently 
with operating voltage. The 500-watt lamp oper- 
ates on 115-125 volts, the 1000-watt on 230-250 volts, 
the 2500-watt on 460-500 volts, and the 5000-watt 
on 920-1000 volts. 


Induction and Dielectric Heating 


Induction heating equipment uses an alternating 
magnetic flux to induce eddy currents within the 
mass to be heated. Frequencies of from 60 to sev- 
eral megacycles are used, depending upon economic 
factors of the generating source and the nature and 
configuration of the heated material. Apparatus 
used to produce the desired frequency includes ro- 
tating machines (usually a high-cycle generator 
driven by a 60-cycle motor), sparkgap apparatus, 
and electric oscillators. 

The mass to be heated (charge) requires no ter- 
minals to be connected to it, but it must be an elec- 
trically conductive material. A coil around the 
charge is essentially a transformer primary, the 
induced current in the charge representing a short- 
circuited secondary and the heat absorbed by the 
charge is the output. 

Production layouts and space limitations dictate 
the location of the power-generating equipment, 
which is often isolated from the heating apparatus 
(load applicator). This introduces special problems 
of transmission of the current from the generator 
to the applicator, since conductor reactance at high 
frequencies become a major consideration. Both 
insulated and uninsulated conductors are used, de- 
pending upon conditions under which the installa- 
tion is to be made, the costs of installing the con- 
ductors, and the cost of the required power-factor- 
correcting capacitors. Bare conductors are usually 
hollow, of round or square cross-section. Insulated 
coaxial conductors are often used because of ease 
of installation; however, their current-carrying 
capacity is lower than equivalent sized bare con- 


Induction Heater Using 
Rotating Frequency Converter 


Exciter 


PF Heating 
Capacitors coil 
i “ 


Controls Motor-generator Transformer 


M-G SETS used for induction heating applications are avail- 
able in capacities of 5 to 500 kw or more at various fre- 
quencies. 


ductors. Since transmission of the generator out- 
put to the load applicator has such a direct bearing 
on proper operation of the equipment, details on 
conductor types and sizes to be used will invariably 
be specified by the equipment manufacturer. 

Dielectric heating is used for non-conducting ma- 
terials. Heating is accomplished by placing the ma- 
terial between two conducting surfaces carrying 
an ac radio-frequency current, the entire set-up 
resembling in its operation a large capacitor. Elec- 
tronic equipment is used to produce the radio-fre- 
quency currents required for operation. 

Unlike induction heating apparatus, the high-fre- 
quency generating source is not remotely located; 
hence only conventional power feeders are involved. 
Special controls and safeguards required are built 
in or supplied by the manufacturer. 

Code Article 665 contains miscellaneous provi- 
sions governing supply conductors, protection, con- 
trol and grounding of induction and dielectric heat- 
ing equipment. 


Heating Cable 


For such applications as soil heating, snow melt- 
ing, slab warming and pipe thawing, special heating 
cables and tapes are available having a fixed watt- 
age rating per unit length. Designs incorporating 
such cable must make provisions for use in stand- 


Reduced-Voltage Control Circuit 
for 440-volt Heating Cable 


440 volts 


Transformer 





Junction 
Dox 
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220 or Contactor 


110 volts 


Heating 
cable 


TRANSFORMER is used for control circuit where thermostat 
is employed on heating cable installations over 200 volts. 


Thermostat 
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AH/AW RW AR RAW INS SERVICE ENTRANCE CABLE 
be vy s ® y 
Ouct nel Ta f 


Here’s another Hatfield first. Our 
Composite Data Charts are 
masterpieces of simplicity... 
reducing as much as 50 pages of 
wire and cable information into 
a single sheet! 





ONE PRICE SHEET...gives list 
prices, stranding, strand diameters, 
plus temperature ratings, cutting 
and paralleling charges. 


ONE WEIGHT AND PUT-UP SHEET 
... gives net weight, standard ship- 
ping weight, standard put-ups and 


i aio 96 14 reel deposits. 


ONE DIAMETER AND WALL THICK- 
NESS SHEET ... gives overall diam- 
eter and insulation plus jacket wall 
thickness. 


ALL WALL 
THICKNESSES ARE 
REFLECTED IN 
S4THS OF AN INCH 





ONE SPECIFICATION SHEET ...gives 
listing of most common specifica- 
tions and their issuing agencies. 





, COM OR REEL 


Everything you need at your finger- 
tips! Ask your Hatfield representa- 


4 RERS Of tive or write us for yourfree copies. 
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ATFIELD WIRE & CABLE 


e DIVISION OF CONTINENTAL COPPER & STEEL INDUSTRIES INC. 
ee = . \Y 
- = "¢Y 5? Plants * Hillside * Union « Linden 
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are you buying 
completely rustproof 








PITTSBURGH STANDARD HOT- DIP GALVANIZED CONDUIT IS 


The zinc chromate coating that characterizes Pittsburgh Standard Hot- 
Dip Galvanized Conduit doubles the protective life of the galvanizing. 
And the hot-dip galvanized and coated threads stay bright, clean and 
sharp. No chasing or cleaning required even when conduit lies in stor- 
age for months. All thread protectors are color-coded for easy size 
identification 

For ease in handling, Pittsburgh Standard conduit is banded into 
master lifts, and the individual bundles of each size are identified by 
color-coded bundling tapes. All these features are yours at no extra cost 
when you buy Pittsburgh Standard. Ask for them at your electrical dis- 
tributor’s. Pittsburgh Standard Conduit Company, Verona, Pa. 


PLANTS AT VERONA AND MORRISVILLE, PA. 
RIGID STEEL CONDUIT - ELECTRICAL METALLIC TUBING - ELBOWS - COUPLINGS - FITTINGS 
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ard manufactured lengths for the supply voltage 
contemplated, since any deviation in length for a 
given voltage will affect heat output and cable life. 
For example, if only 90 ft of a 100-ft cable designed 
to provide 1000 watts of heating at 230 volts were 
used, the total power consumed would be 1100 
watts at greater-than-normal current. Since this 
is likely to affect the life of the insulation and since 
the application involved may make replacement diffi- 
cult and costly, proper initial design is imperative. 

Cable manufacturers supply information on cor- 
rect cable spacing for various heat outputs. Where 
thermostats are to be used on installations employ- 
ing voltages over 220 volts, step-down transformers 
are used for control circuits. 


Circuit Design 


Heating circuits are designed in accordance with 
branch circuit and feeder provisions of NEC 
Articles 210, 220 and 240 plus applicable portions 
of Articles 422 and 430. Miscellaneous problems 
and applications which arise require comment. 
Derating 

Whereas some specific industrial heating instal- 
lations (furnaces, immersion heaters, etc.) are such 
as to make it impossible to operate all equipment 
simultaneously, accurate diversity information on 
the heating load supplied is frequently unavailable. 
Where such is the case, branch circuits feeding 
heating equipment are assumed to be carrying a 
continuous load, and, to compensate for increased 


Cable Layout Provides 
Two Stages of Heat 
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TWO CIRCUITS of heating cable for driveway snow melting 
give two stages of heat for light and heavy snowfalls. Such 
circuits are normally manually controlled 
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Heating 


Thermostat Controlled Heating Cable 
for Pipe Warming 


Thermostat 


Thermostat le 


bulb on pipe 

















Heating cable 
on pipe 


PIPE HEATING CABLE may be spiraled on pipe at recom- 
mended spacing or taped parallel with pipe to reduce labor. 
Thermostat bulb is normally fastened to pipe surface beneath 
insulation, if used. 


heating and its effect on the over-current device and 
panel enclosure, the total load must not exceed 80% 
of the circuit rating (Sec. 2125b). 

Space-heating circuits subject to thermostat cy- 
cling may be loaded to 100% ; however extra capac- 
ity should be provided to take care of initial surge 
currents which frequently reach values from 50 to 
100% above rated current and persist until operat- 
ing temperature is reached. 

Feeder loads are computed as 100% of the total 
connected load on all branch circuits served by the 
feeder. If however, an accurate determination can be 
made of intermittent operation of the heating load 
which shows that only a definite portion of the load 
is energized at one time, the code-enforcing author- 
ity may permit feeder conductors to be of a capacity 
less than 100% (Sec. 2203h). From a design stand- 
point, the 100% figure should be specified unless 
definite diversified operation makes such a pro- 
cedure clearly economically unfeasible. 

Where four or more current-carrying conductors 
occupy the same conduit, standard derating factors 
must be applied in accordance with Notes 4 and 5 
of Code Table 1. 

Well designed space heating installations will nor- 
mally include several inches of thermal insulation 
in the ceiling. Electrical conductors located within 
such insulation over electrically heated ceilings are 
considered to be operating at an ambient tempera- 
ture of 50 C and must be derated in accordance 
with Notes 4 and 5 of Table 1. Plans for such in- 
stallations should specify that all wiring be located 
above the insulation to avoid derating. 


Voltage Drop 


Sec. 2202 requires feeder conductors to be such 
that voltage drop up to the final distribution point 
for the computed heating load will be not more 
than 3%. However, since the heating effect of 
current through a resistance varies as the square of 
the voltage, a 3% reduction from rated voltage 
results in a considerable reduction in heater output 
from rated conditions. Efforts should be made to 
keep the drop below 2%—not to the final distribu- 
tion point, but to the actual utilization device. 

The accompanying chart shows the effect of volt- 
age drop on heater output. The center curve shows 
actual wattage furnished by a 2000-watt, 208-volt 
heater at various voltages, assuming that the heat- 
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Effect of Voltage Variations 
on Electric Heater Output 


2% below 





“rated voltage |.-Rated voltage 
| 





Heater output (watts) 











200 205 210 215 220 
Voltage at heater (volts) 


VOLTAGE DROP may seriously affect heater output. Center 
curve shows voltage-wattage relationship for 2000-watt, 208- 
volt heater where heating element wattage is actually rated 
wattage at rated volts. Upper and lower curves represent pos- 
sible conditions where element is actually 5% above or 10% 
below rated value due to manufacturing tolerance. Note that 
a heater which is 10% below rated would furnish only 1620 
watts if 5% voltage drop were involved. 


ing element is of the correct resistance to produce 
the rated wattage at rated voltage. Manufacturing 
tolerances are such that a 2000-watt heater may 
actually vary 5 or 10% even at rated voltage. The 
upper and lower curves of the chart represent con- 
ditions at 5% above rated wattage and 10% below. 

The curves show that, even if the heater matches 
its rating exactly, it will furnish only 1805 watts 
at 5% below rated voltage, which is a drop of 10% 
in wattage. If the 2000-watt heater furnished for 


the job happens to be 10% below rated wattage and 
in addition is connected to a circuit 10% below 
rated voltage, it will furnish only 1620 watts, almost 
20% below design value. Multiply this by the num- 
ber of heaters involved, and the result could be 
serious under-capacity. 

Where such voltage drops are expected in ad- 
vance and can not be reduced by increased conductor 
size, additional capacity must be installed to make 
up the loss and bring the actual watts up to those 
required by heat loss calculations. The following 
formula indicates the procedure to be used in ar- 
riving at the total installed watts required where 
the actual voltage to be available at the heater is 
other than rated voltage: 


2 
watts = calculated watts xX rated voltage — 
actual voltage 


For example, where 10,000 watts of heating must 
be operated 3% below rated 208 volts, the installed 
watts should be 


208 


2 
10,000 x (sir 7) or 10,630 watts 


to compensate for the 3% voltage drop. Division 
of these extra 630 watts among the specific areas 
or rooms to be heated may be impractical due to 
type of equipment used or ratings available, hence 
maximum attention should be given in the design 
stage to developing a feeder and branch circuit 
distribution plan which will minimize power losses 
due to voltage drop. 


Combined Loads 


Normally a heating circuit should not be designed 
to also feed a lighting load. However, there may 
be occasions, such as the feeding of a single small 
unit heater in a factory gate house, where it may be 
expedient or necessary to pick up the heater load 
on one of the lighting circuits. Such a practice is 
recognized by the code. 

Code Sec. 2126 limits a fixed appliance load to 
50% of 15- and 20-amp branch circuit ratings if 
lights are also supplied; any one portable appliance 
is limited to 80% of the circuit rating. On 30-amp 
circuits, a single portable appliance shall not exceed 
24 amps. 

In view of the restrictions imposed and the mini- 
mum nature of the combined loads permitted, such 
an arrangement is makeshift at best. Good design 
should provide individual circuits for heaters. 


Air Conditioning 


Three principal factors create problems of cir- 
cuit design in air conditioning wiring which are 
not normally encountered with other utilization 
equipment: (1) Extensive use of hermetic com- 
pressors and associated equipment has made in- 
applicable the horsepower-current relationships 
identified with conventional motors. (2) Most 
equipment incorporates two or more motors, creat- 
ing problems of group protection. (3) The air con- 
ditioner exists in several forms which alternately 
identify it as an appliance and as a straight motor 
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load, making consistent and direct application of 
present National Electrical Code provisions diffi- 
cult. 

The main objective of any air conditioning instal- 
lation is to provide maximum reliability and effec- 
tiveness of operation, consistent with economy and 
applicable safety codes. The electrical engineer, 
contractor and inspector, to do their part in accom- 
plishing this objective, must see eye-to-eye in the 
installation of the equipment furnished and its com- 
pliance with the code. 
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Fundamentally, the circuiting of every air con- 
ditioning installation involves consideration of each 
of the following: (1) motor running overcurrent 
protection; (2) unit controller and disconnect; (3) 
feeder and branch circuit conductors; and (4) 
feeder and branch circuit protection. 


Motor Overcurrent Protection 


Motor overcurrent protective devices are neces- 
sary to protect the motor, its associated controls, 
and the branch-circuit conductors against heat 
damage due to excessive motor currents. High cur- 
rents may be caused by the motor being overloaded 
for a considerable period of time, by consistently 
low or unbalanced line voltage, by single-phasing of 
a polyphase motor, or by the motor stalling or fail- 
ing to start. 

Damage may occur more quickly to a hermetic 
motor which stalls or fails to start than to a con- 
ventional open-type motor for two principal reasons: 
(1) Due to the presence of the cool refrigerant 
atmosphere under normal conditions, a hermetic 
motor is permitted to operate at a higher rated cur- 
rent which is closer to the locked-rotor current than 
is the rated current of an open-type motor of the 
same approximate size. (2) With the rotor at a 
standstill, there is no circulation of the refrigerant 
to carry away the heat; and the heat builds up in 
the windings. 

Special quick-acting thermal and hydraulic-mag- 
netic devices have been developed to reduce the 
time required to disconnect the hermetic motor 
from the line before damage occurs when an over- 
load condition develops. The appropriate current 


Construction of Hermetic Motor 
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HERMETIC MOTOR is completely sealed within compressor 
housing. Cool refrigerant is directed through motor windings 
in path through compressor, as shown by arrows 
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Arrows show 


rating of overload protectors is critical; many are 
rated within 0.1 amp. Therefore, the running over- 
load protection for hermetic units or packaged 
conditioners is either built in or supplied with the 
unit by the manufacturer. 

All room air conditioners and packaged unit com- 
pressors rated up to 30 hp which are listed by Un- 
derwriters’ Laboratories are required by UL to 
incorporate running overload protection which will 
restrict the heat rise to definite maximum safe tem- 
peratures in case of locked-rotor conditions. 

A contractor or electrician will normally be con- 
cerned with the running overcurrent protection of 
a hermetic motor only when it becomes necessary 
to replace the existing devices supplied with the 
equipment. For this purpose, compressor manufac- 
turers’ warranties explicitly specify catalog num- 
bers of replacements which are to be used to insure 
proper operation of the equipment. 

To determine whether proper overcurrent pro- 
tection has been provided, the electrician or in- 
spector is guided by the provisions of NEC Sec. 
4322-a-1, 4322-c-1 and 4324, which incorporate In- 
terim Amendment 104. The heater chosen for the 
hermetic motor starter must be rated or set at not 
more than 125% of the motor full-load current for 
hermetic motors having a locked-rotor value not 
exceeding 160 amps. For larger ratings, the over- 
current size must not exceed 115%. If the com- 
puted value does not correspond to a standard size 
protective device, the next higher available rating 
may be used, with an absolute maximum of 140% 
for hermetics up to 160 amps locked rotor, and 130% 
for larger ratings. 


Controller and Disconnect 


The NEC in Sections 4403b and 4383e outlines 
the method to be used for determining the mini- 
mum safe ratings of controllers and disconnects for 
hermetic motors. Controllers encountered in pack- 
aged air conditioning equipment are for the most 
part across-the-line magnetic starters operated by 
some type of selector switch, pushbutton station, 
time clock or thermostat. Smaller window units use 
only a selector switch with necessary starting re- 
lays. This control equipment is normally furnished 
by the manufacturer and often is supplied com- 
pletely wired and built into a control panel in the 
conditioner. 

Starters used for ac motor loads must be able to 
carry continuously the full-load current of the motor 
and must be able to interrupt the stalled-rotor cur- 
rent if necessary (NEC Section 4382). Standard 
motor starters are normally rated in horsepower 
and are designed to handle the usual current-carry- 
ing and current-interrupting capacities associated 
with the horsepower rating. 

For example, a 3-phase controller rated at 5 hp 
is capable of starting and stopping a standard 3- 
phase, 5-hp motor (7.5 amps running current) and 
of interrupting the locked-rotor current (approxi- 
mately 45 amps) if required to do so. Selection of 
a controller for-a standard motor, then, is strictly 
on the basis of the horsepower of the motor to be 
controlled (plus the particular operations that the 
controller must perform—stopping, starting, re- 
versing, ete.). 
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SAFE and SURE 
... AS A SLIPKNOT SPLICE 





DEPENDABLE ADHESION... 
NEVER DRIES OUT 


Whaat do you look for in friction tape? Such a small part of the total 
job cost, yet so vital . .. each splice you make must be final, permanent 
and safe. In the long run, SLIPKNOT quality — tape that never dries 
out — that stays on the splice — costs you less. 





Expert electricians know that SLIPKNOT FRICTION TAPE has never 
failed . .. that’s why it’s the most widely used friction tape in the world 
.. . why it’s found in all the best splices. It should be in all of yours. 


Next time, specify SLIpKNoT from your distributor. 


PLYMOUTH RUBBER COMPANY, INC. J 


QUALITY SINCE 1896 CANTON, MASSACHUSETTS 





what does it mean in cable? 


No one characteristic alone determines good cable. It's the 
right balance of many qualities that counts. Carol has this balance. 
Look at these significant test results, 


BRAN D 
CAROL A B 





Electrical Insulation Resistance (1) 100 17 16 
Cold Bend °F (2) — 50 —90 








Abrasion Resistance (1) 91 62 100 92 
Ozone Resistance (1) 100 6 18 12 




















Note: (1) 100 indicates best—others % of best (2) cold bend—actval test temperature 


As can be seen, needlessly high cold flexibility can be built into 
cable ... but only at the sacrifice of more important electrical prop- 
erties. And in Brands A, B and C you will also note the lack of 
balance between abrasion resistance and ozone resistance ... which 
means these cables can crack long before they wear out. 


Carol, on the other hand, has not only the highest combined rating 
but is also the best balanced. As a result of years of experience and 
research, primary emphasis has been placed on the characteristics 
most vital in cable life and performance. 


To you, this means superior quality throughout ... extra quality and 
performance where it is most needed. 


when you call 
for cable— 
call for 


a 


— 


") 


pee OO 400 
CAROL 14/3 SO NEOP 


PORTABLE CORDS + POWER SUPPLY CABLE + CONTROL CABLES + WELDING CABLE + GOVERNMENT TYPES + CORD SETS 
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Calculation for Sizing Circuit Conductors, Protection and Controls 


Ponel 


No6R 


Disconnect aa 15 hp 











Starters 














Motor Data: 


Condenser and Evaporator Fans 
1% hp, 220-volt, 3-phase 
4.4 amps full load 
35 amps locked rotor 


Compressor 
220-volt, 3-phase 
26 amps full load 
150 amps locked rotor 


All Motors on One Circuit 
Branch-circuit fuses: 

Sec. 4343: (300% X 26) + 44+ 4.4 = 86.8 amps 
May use 100-amp fuses, subject to group fusing 
restrictions of starters, 

Circuit conductors: 
Sec. 4314: (125% X 26) + 4.4 + 4.4 = 41.3 amps 
Requires No. 6 R (or No. 8 RH) 
Compressor starter: 
Sec. 4383e: Tables 24 and 25; 10 hp required. 
Fan starters: 
Sec. 4383: 1%2-hp motors require 1-hp starters. 











4 














Separate 





ompressor Fan 


Fuses for Fans All Motors Fused 


Disconnect: 
Sec. 4403b: Tables 24 and 25: 15 hp required. 
Note: If motors do not start simultaneously, the 
compressor locked-rotor current (150a) used 
with Table 25 indicates a 10-hp rating. How- 
ever, the sum of the running currents impose 


the more severe requirements and dictate the 
switch size. 


Separate Fuses for Fans: 


Fan fuses: 


Sec. 4342: (300% x 4.4) = 13.2 amps 
May use 15-amp fuses. 
Other circuit values unchanged. 


All Motors Fused: 


Compressor fuses: 
Sec. 4342: (300% X 26) = 78 amps 
May use 80-amp fuses. 
Other circuit values unchanged. 





However, hermetic motors are not rated in horse- 
power, but in terms of running current and locked- 
rotor current. Thus, the required horsepower rating 
of the starter is not immediately apparent. The 
NEC stipulates (Sec. 4883e) that when a controller 
is to be procured for a hermetic motor and the con- 
troller is rated in hp, Tables 22, 23, 24 and 25 are 
to be used to establish hp rating. 

For example, a 3-phase, 440-volt hermetic motor 
rated at 11 amps full load and 60 amps locked rotor 
is to be supplied with a controller. Assume that the 
controllers to be used are rated only in horsepower. 
To make sure the controller selected will handle the 
running current, Table 24 is used. This table lists 
74 hp as the required size for a 440-volt, 1l-amp 
motor. To insure adequate interrupting capacity, 
Table 25 is used. For a 60-amp locked-rotor current, 
this table also shows 74 hp as the required size. 
Use of both tables in this manner thus establishes 
the 74-hp controller as adequate for the given motor 
in both respects. Had the two ratings as obtained 
from the two tables been different, the higher rat- 
ing would have been chosen. 


Many starters intended specifically for air-condi- 
tioning use are now being rated directly in terms of 
full-load current and may be selected for particular 
hermetic motors without reference to horsepower 
ratings or Tables 22 through 25. Such starters are 
designed to handle the locked-rotor current normally 
associated with each full-load current rating. 

Disconnects are required by the code for the 
purpose of isolating motors and their controllers 
from the circuit (Sec. 4401 and 4402). They are 
required to be in sight from the motor and within 
50 ft. They are not normally supplied by the manu- 
facturer of the air conditioning equipment, since 
the specific type of disconnect to be used depends 
upon the distribution system to which the condi- 
tioner is to be connected. 

Motor disconnects are rated in horsepower and 
are designed to carry the 115% nameplate current 
as required by NEC Section 4403a. To relate their 
horsepower ratings to the current ratings of her- 
metic motors, Tables 22 through 25 are used in 
the same manner as for selecting the controller rat- 
ing (Sec. 4403b). 
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Where general-use switches or other means of 
disconnect are used as permitted by the code, they 
must have a carrying capacity of not less than 115% 
of the motor full-load current (Sec. 4403a). 


Conductors 


Branch circuit conductors feeding a hermetic 
motor load are sized in the same manner as other 
motor loads (NEC Sec. 4309b; 4312) except that 
nameplate full-load current values must be used. 
The problem of continuous loading should be kept 
in mind and sufficient conductor capacity provided, 
since the nameplate full-load current rating of the 
conditioning motors is not a constant maximum 
value during operation. This rating is established 
and tested under standard conditions of tempera- 
ture and humidity. Operation under weather condi- 
tions more severe than those at which the ratings 
are established will result in a greater running cur- 
rent, which can approach the maximum value per- 
mitted by the overcurrent device. Operating volt- 
age less than the limits specified on the motor name- 
plate also contributes to higher full-load current 
values, even under standard conditions. 

Motor feeders are sized according to Sec. 4314. 
Since overcurrent protection may pérmit motors 
to run continuously (up to 140% full load) over- 
loaded, the feeder must be sized to handle such an 
overload. By basing the calculations on the largest 
motor of the group, the extra capacity thus provided 
will normally be more than enough to handle any 
unforeseen overload on the smaller motors involved, 
enough diversity existing in any normal group of 
motors to make consistent overloads on all motors 
at one time unlikely. 

However, a group of air-conditioning compressor 
motors all of the same size on a single feeder have 
a common function: reducing the ambient tempera- 
ture. Except for slight possible variations, weather 
conditions affect each conditioner to the same degree 
and at the same time. Therefore if one unit is op- 
erating overloaded, it is likely that the rest are also. 

This factor should be taken into consideration 
when sizing air conditioning feeders. Recognition 
for feeders of the 80% loading imposed on branch 
circuits (Sec. 4293), even though variations of de- 
mand may be expected due to on-and-off compressor 
operation, will result in improved operation under 
extended periods of overload or unexpected under- 
voltage. 

In connection with feeder loading, the air condi- 
tioner has been added by the code to the group of 
fixed appliances which may not be considered in 
applying the 75% demand factor accorded four or 
more fixed appliances in computing feeder sizes 
for single or multi-family dwellings (Sec. 2203e). 
This section goes on to say that, in adding branch 
circuit loads to determine the feeder load, the 
smaller of two dissimilar loads may be omitted from 
the total where it is unlikely that both of the loads, 
such as an electric heating load and an air cooling 
load, will be served simultaneously. 

There are instances when heating and air con- 
ditioning may be required at the same time. Sec- 
tions of the country having extreme fluctuations of 
temperature within a 24-hour period may require 
air conditioning on the sunny side of a building 
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for a short period of time while the other side, with- 
out sun, may still be chilly enough to require heat. 
Another exception could occur when electric heating 
is used to reduce the effects of air conditioning. 
There are installations where (due to existing ca- 
pacities of conditioning equipment, economical limi- 
tations of control facilities, or configuration of the 
building involved) some rooms or areas in the 
building prove to be too cool when the major portion 
of the building is at a comfortable temperature. It 
is sometimes simpler to provide local heat with elec- 
tric heating units rather then to attempt major 
modification of the air conditioning system to cor- 
rect these inconsistencies. 

If the heating and cooling loads of the above ex- 
ceptions were fed by a common feeder, it would be 
required to have capacity sufficient for both loads. 

The accompanying table gives typical unit loads 
for sizing air conditioning feeders where precise 
cooling data is not available. 


Short-Circuit Protection 


Packaged Units 

Air conditioning equipment (other than small 
room units and large custom installations) is manu- 
factured in the form of packaged units having all 
necessary components mounted in one or more en- 
closures designed for floor mounting, for recessing 
into walls, for mounting in attics or ceiling plenums, 
for locating outdoors, etc. 

Electrical wiring in and to these units varies with 
the manufacturer, and the extent to which the elec- 
trical contractor need be concerned with fuse and 
circuit breaker calculations depends upon the man- 
ner in which the units’ motors are fed, the type of 
distribution system used, etc. 

Following is a discussion of the most common 
circuit arrangements and considerations determin- 
ing choice of short-circuit protection rating. 

All motors on one branch circuit: Equipment 
of this type is tested by Underwriters’ Laboratories 
for conformance with the group fusing require- 
ments of NEC Sec. 4343b. UL Standard 465 on 
Central Cooling Air Conditioners requires that, 
where a single branch circuit feeds more than one 
motor, the maximum permissible fuse size must 
be indicated on the conditioner or on an attached 
wiring diagram. 

The problem of choosing fuses which will satisfy 
the group fusing requirements and yet have suffi- 


Unit Loads for Sizing Feeders to Packaged 
Air Conditioners 


(Watts per sq ft of conditioned floor area) 


Building Low Average High 
5 7 

Department Stores 

Basement.......... his 5 

Main Floor......... (ee 7 

Upper Floors. . ; 4 
Hotel Guest Rooms 

(per room) io 
Office Buildings 4 
Office Suites. . 3.5 
Stores... 
Restaurants , 
Theatres (watts per seat) 
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Calculations Using Separate Circuit for Each Motor 


Feeder 


Three Branch Circuits: 


Compressor conductors: 


Sec. 4314: (125% X 26) = 32.5 amps 
Require No. 8 R or RH 


Fan conductors: 


Sec. 4314: (125% x 4.4) = 5.5 amps 
Require No. 14 R or RH 
Other circuit values unchanged 


Circuit Breakers: 


Compressor CB’s: 


Sec. 4342; Table 27: (250% X 26) = 65 amps 
May use 70-amp CB 


Branch-circuit 


“IRCUIT BREAKERS FOR 
PROTECTION AND DISCONNECTS 


Fan CB's: 


Sec. 4342; Table 27: (250% x 4.4) = 11.2 amps 
May use 15-amp CB 


Sub-feeder conductors: 
Sec. 4314: (125% x 26) + 4.4 + 4.4 = 41.3 amps 
Require No. 6 R (or No. 8 RH) 


Sub-feeder CB’s: 


Sec. 4362: 70 + 4.4 + 4.4 = 78.8 amps 
May use 100-amp CB 


Riser tap: 
Sec. 2434c: 55 & 3 = 165 amps 
Require No. 3/0 R (or 2/0 RH) 





cient capacity to permit normal operation of the 
unit without nuisance tripping obviously is one 
which the manufacturer is better equipped to handle 
than the man in the field. 

The UL Electrical Appliance and - Utilization 
Equipment List in its General Information section 
under “Air Conditioners, Central Cooling” states: 
“The suitability of motor and branch circuit pro- 
tection afforded two or more motors operating from 
a single branch circuit has been covered in these 
listings and the maximum rating of the branch cir- 
cuit overcurrent protective device marked on the 
air conditioner. The proper method of installation 
(number of branch circuits, etc.,) is shown on the 
wiring diagram or marking required to be attached 
to the air conditioner.” 

Therefore, the electrical contractor and inspector 
charged with wiring and approving such an instal- 
lation can be sure that code requirements have been 
met—provided that the branch circuit protection 
as specified on the unit is not exceeded and the wir- 
ing and equipment is as indicated on the wiring 
diagram. Provision is made in such a unit for direct 
connection to the branch circuit conductors; motors 
are wired internally by the manufacturer. 

A typical unit with all motors on one circuit is 
shown in an accompanying illustration with cal- 
culations for determining circuit ratings. As stated 
above, these values would normally be furnished 
by the manufacturer and approved by UL and may 
deviate in certain cases from values obtained by 
strict application of code provisions. 


Separate fuses for fan motors: Units are some- 
times encountered in which the manufacturer has 
wired separate fuse cutouts for the fan motors in- 
side the enclosure to avoid group fusing restric- 
tions. The cutouts are normally fed from the line 
terminals of the compressor starter. The fan cir- 
cuits no longer restrict the maximum value of the 
main fuses. As shown by the illustration, this ar- 
rangement does not affect the branch circuit con- 
ductor or fuse ratings. 

All motors fused: Units are also wired with 
fuse blocks for all motors. Main fuses no longer 
are subject to restrictions by motor starters and 
are sized as feeder protection per Sec. 4362. 

It is likely that an arrangement such as this may 
result in double blowing of the compressor and 
main fuses if the differential is too small. The use 
of time-delay fuses in both places will reduce this 
possibility. 

Use of a disconnect switch near the conditioning 
unit is common procedure; however, units are often 
located close to main risers or busway feeders, so 
that fused disconnects may serve as both disconnect- 
ing means and short-circuit protection. 

Three branch circuits: This method, though 
probably more expensive, is highly desirable, since 
branch circuit protective devices are external to 
the unit and each motor is independent of the others. 

Branch circuit wiring in this case is done by the 
contractor rather than the manufacturer, although 
equipment diagrams normally specify wire sizes to 
be used. 
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Circuit breakers as disconnects: The above 
refers exclusively to fused disconnects and fused 
switches. However, Sec. 4402 recognizes the circuit 
breaker also as a disconnecting means; hence fused 
disconnects and fuse panels referred to above could 
also have been circuit breakers or circuit-breaker 
panels except that literal interpretation of Sec. 
4343-b-3 permits only fuses as protection for more 
than one motor on the same branch circuit. 

The diagram illustrating use of circuit breakers 
includes, in addition to the branch-circuit panel, a 
feeder panel for distribution to other units. The 
breakers in the branch-circuit panel serve as branch 
circuit protection as well as the disconnecting 
means, and their relative rating is computed per 
Sec. 4542 and Tables 26 or 27, Chapter 10, using 
motor nameplate currents (Sec. 4403-b). Tables 
20 to 25 would not be involved, since breakers are 
not rated in horsepower. To satisfy Sec. 4406, the 
breakers would have to disconnect the unit from all 
ungrounded conductors. 

The sub-feeder between panelboards is sized per 
Sec. 4314; breakers in this panel are rated using 
Sec. 48362. The tap from the main riser to the sub- 
feeder panel need not be protected at the riser pro- 
vided that the provisions of Sec. 2434-c are fulfilled. 
That is, the tap must not be over 10 ft long, it must 
be enclosed in raceway, and its carrying capacity 
must be not less than the sum of the sub-feeder ca- 
pacities. 

If an additional breaker were installed at the 
riser, it would be sized in accordance with Sec. 
1362. The conductors between this breaker and the 
sub-feeder panel would no longer have to meet the 
requirements of the 10-ft tap rule (Sec. 2434c); 
hence their size would be computed per Sec. 4314, 
permitting a smaller conductor than that necessary 
without the breaker. 

Protection of control circuits: Control circuits 
in packaged units may operate at the same voltage 
as the unit’s motors or at a lower voltage, obtained 
through the use of a control transformer. It is nor- 
mal to find units with 220-volt motors using a 220- 


volt control circuit, the control circuit receiving 
its supply from the line terminals of the motor 
starter. However, 440-volt units usually incorpo- 
rate a 440/220-volt or 440/110-volt transformer 
to obtain the lower voltage control. 


The usual control circuit consists of a series cir- 
cuit connecting all devices which function to start 
or stop the unit, such as contactor coils, overload 
heaters, thermostats and pressure cutouts. Units 
employing more than one compressor motor may 
connect two such control circuits in parallel. 

A transformer mounted within the air conditioner 
enclosure does not require overcurrent protection 
as specified in Art. 450, since “dry-type transform- 
ers which constitute a component part of other ap- 
paratus and which conform to the requirements for 
such apparatus” are excepted from the provisions 
of Art. 450 (Sec. 4501). 

Sec. 2403g specifies that remote-control conduc- 
tors must be protected according to their current- 
carrying capacity, except that they may be con- 
sidered to be properly protected if the rating of the 
protective device is not more than 500% of the 
carrying capacity of the conductors. However, this 
requirement is superseded by Sec. 4372 if (1) the 


branch circuit overcurrent device is not more than 
500% the carrying capacity of the control circuit 
conductors and (2) the control circuit does not 
extend beyond the conditioning unit. 

All ungrounded conductors of the control circuit 
must be disconnected from the source of supply 
either by the disconnecting means of the circuit by 
which it is fed or by a separate disconnecting means 
(Sec. 4374). 

Thus, where control devices and transformer are 
located entirely within the conditioner, no separate 
fuses need be installed for the control circuit as 
long as the wire used has a carrying capacity equal 
to at least 20% of the branch circuit fuse rating. 
Where this requirement is not met, fuses could be 
avoided in the control circuit by increasing the size 
of the control conductors. 

Where an externally located thermostat is used, 
however, separate protection must be provided for 
the control conductors per Sec. 2403¢. 

In many cases it is desirable to provide such pro- 
tection in the control transformer primary rather 
than in the secondary and size the fuses so that 
they also protect the transformer. Assuming a 2:1 
ratio of primary to secondary voltage, a 15-amp 
capacity control conductor in the secondary would 
appear as 74 amps in the primary, hence primary 
fuses would be limited to a maximum of 73 x 5 or 
374 amps. To provide suitable transformer protec- 
tion, however, the required rating would probably 


be a great deal less than 374 amps. 


Room Air Conditioners 


The provisions of Sec. 4293 were intended to 
clarify the application of room air conditioners con- 
nected to lighting and appliance circuits. Sec. 
4293-2 permits air conditioning units to be plugged 
into existing circuits which supply lighting loads or 
other appliances. By the provision of this section, 
such a conditioner must not draw more than 74 amps 
full load (nameplate rating) when connected to a 
15-amp, No. 14 circuit; nor more than 10 amps when 
connected to a 20-amp, No. 12 circuit. In addition, 
the existing load on the circuit (lights or other ap- 
pliances) must be low enough so that the total load 
on the circuit after the addition of the air condi- 
tioner is not more than 12 amps on a 15-amp circuit, 
nor more than 16 amps on a 20-amp circuit. 

Assuming that a 74-amp conditioner is connected 
to such a 15-amp existing circuit, it would mean that 
the circuit before the addition of the air conditioner 

ould have been loaded to no more than 44 amps. 
\+ 115 volts, this would mean 517.5 watts. It is 
unusual indeed to find existing circuits so lightly 
loaded; consequently the provisions of Sec. 4293 
have been widely abused in this respect. 

Relative to these provisions is the problem of con- 
necting two or more conditioners to the same cir- 
cuit. Section 4343a restricts the motors to a maxi- 
mum of 6 amps at 125 volts or less, or 15 amps at 
600 volts or less. 

Many local codes avoid the complications of con- 
necting conditioners to existing circuits and con- 
necting more than one conditioner to the same cir- 
cuit by requiring a separate branch circuit for each. 

Underwriters’ Laboratories has simplified the 
problem of protecting circuits to room conditioners 
by the following requirement in its Standard for 
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FULL VALUE FOR YOUR TRANSFORMER DOLLAR 


Pyranol” transformers to 500 kva 
how shipped direct from G-E stock 


Time is money: And, here’s how General 
Electric can help you save both. Now, the 
five most popular G-E Pyranol filled trans- 
formers in ratings 1124-500 kva are carried 
in factory stock. This means that all tests 
can be completed and the units shipped to 
you at least four weeks earlier than before 
possible. 


General Electric Distribution Equipment 
Transformers—both Pyranol and oil-filled— 
offer industrial users many performance 
benefits. Available in either the conventional 
three-legged core construction (300-500 kva) 
or the space saving “‘stacker’’ type (112!4- 
225 kva), these transformers feature low 
sound levels and improved pressure-relief 
devices (Pyranol units). 


Faster order handling and shipment plus 
product leadership are key reasons why you 
get certified full value for your transformer 
dollar with General Electric’s full line of 
transformers for industry**. But be sure to 
factor in the complete G-E service provided 
before, during, and after installation. If you 
examine the complete package offered by 
General Electric, we’re confident you'll rec- 
ognize G-E superiority. 
































For complete information and application 
help, see your G-E Apparatus Sales Engineer 
or Agent today. Or write for descriptive 
literature to Sect. 417-6, General Electric 
Company, Schenectady 5, New York. 


* Reg. Trade-mark of General Electric Co. 


**Medium transformers (501 to 7500 kva), Open 
dry-type transformers (300 to 7500 kva), Sealed 
dry-type transformers (300 to 7500 kva), Distri- 
bution Equipment Transformers (112% to 500 
kva), Integral Distribution Centers. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 








Protection of 


Control Circuits 

















A. Branch circuit protection is not greater than 500% control 


conductor carrying capacity. 
No control circuit protective devices are required, re- 


gardiess of whether control conductors leave conditioner or 
not. 


B. Branch circuit protection greater than 500% control con- 


ductor carrying capacity. 

If control conductors do not leave conditioner, no con- 
trol circuit protection is required. If control conductors 
leave conditioner, control circuit protection is required with 
max. rating of 500% control conductor capacity and must 
not be of time-lag type. 


C. Control transformer is furnished with unit; branch circuit 


protection is not greater than 500% control conductor 
capacity as reflected in primary. 

No control circuit protective devices are required, regard- 
less of whether control conductors leave conditioner or not. 


D. Control transformer is furnished with unit; branch circuit 


protection is greater than 500% control conductor capacity 
as reflected in primary. 

If control conductors do not leave conditioner, no control 
circuit protection is required. If control conductors leave 
conditioner, control circuit must be protected in accordance 
with its current-carrying capacity. Protection may be pro- 
vided in secondary as shown or in primary as in (E). 


E. Where control circuit protection is required as specified in 


D), protective device may be placed in primary. 
Rating is in accordance with carrying capacity, as re- 
flected in primary. 


F. Separate control circuit must be protected according to con- 


ductor carrying capacity as reflected in primary, with dis- 
connecting means. 





Room Air Conditioners, UL484: “A unit which has 
an attachment plug cap rated not more than 15 amps 
which will not start and run in series with a 20- 
amp fuse... or a unit which has a 20-amp attach- 
ment plug cap which will not start and run in series 
with a 20-amp fuse... shall have a marking on the 
unit which indicates that time-delay fuses of the 
proper size are required.” 

Therefore, it may be assumed that a unit will op- 
erate satisfactorily on a standard fuse of the same 
rating as its attachment plug cap if there is no 
marking to the contrary on the unit. In any event, 
a time-delay fuse of the same or smaller rating could 
be substituted. 

If circuit breakers are used for branch circuit 
protection, a 15-amp breaker will normally hold the 
starting current if a standard 15-amp fuse will, 
since such breakers have some inherent time delay. 
If the unit is marked to require a 15-amp time-delay 
fuse and a 15-amp breaker will not hold the starting 
current, few inspectors will object to the use of a 
20-amp breaker, since Article 430 permits such a 
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procedure for calculating motor load protection. 

Normally, starting problems are not severe with 
these units, since the low inertia of present-day 
motor-compressor combinations permits them to 
reach full speed within a few cycles. Such a rapid 
drop in starting current is usually well within the 
time permitted by the trip or rupture character- 
istics of the breaker or fuse. 

Similarly, the question of wire size may be re- 
solved by application of either Art. 210, 420 or 430. 
Rarely do room conditioners even as large as 2 tons 
take more than 13 amps running current, hence No. 
12 conductors are more than sufficient. In addi- 
tion, many local codes prohibit use of conductors 
smaller than No. 12 for air conditioning circuits. 
In localities where No. 14 wire may be used, the 
provisions of Sec. 4293-1 restricting the loading to 
80% of the circuit rating must determine the wire 
size, where “rating” is interpreted as referring to 
the conductor carrying capacity. If Art. 430 is 
used to determine the wire size, the 125% require- 
ment of Sec. 4312 accomplishes the same result. 
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RUTECTED LIGHTING: 


WITH TH DIFFERENT 
THAN Al she, Welles 
<o St 

> 


“Spring Tension Lamp- 
holders’ protection 
“All Zinc Coated against vibration 
Steel” invisible pro- 
tection against rust 
“Plexiglas Shield” safety Member 
against abuse 


“Stainless Steel End 
Caps” for greater 
durability 


“Hi Baked Enamel” 
easy-to-clean finish 


<> 
PARAMOUNT INDUSTRIES, Inc. 


Monutactured in Coneda by 


G-1080 BALLENGER ROAD FLINT 4, MICHIGAN com prooucts LiMiTED, SCARBOROUGH, ONTARIO 
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JUST 
TWO 
SIMPLE 
ASSEMBLY 
STEPS 


Dull boxes 


SAVE 
TIME! 


ASSEMBLED 
PULL BOX 


TYPE *“B" * 


INSULATED 
BUSHING 


AVE SAVE 
SPACE! MONEY! 


The easiest, most economical way to speed 
installation of conduit—of any size from 

¥%," to 6”—is to use O. Z. Pull Boxes. Two 
hot dip galvanized malleable iron units fitted 
to an oversize length of pipe replace the 
conventional, bulky and costly pull box... 
cuts labor time in half! 


O. Z, Pull Boxes are available in four designs: 
standard (Type ‘'PB''); weather-tight (Type 
“PBW''); explosion proof and thin wall conduit. 
The oversize sleeve can be cut to required 
length ‘on the job"’ from standard conduit, 

or furnished to your specifications by O. Z. 


Call your local O. Z. distributor, 
or write direct to the company 
for complete information. 


<— OVERSIZE SLEEVE 


SLIDING HEAD “A” 
yi 


\ 4— SET SCREWS 


») ~~ CONDUIT 


ELECTRICAL MANUFACTURING CO.. INC. ny. ORs Ske 


262 BOND STREET - 


CABLE TERMINATORS 
POWER CONNECTORS 
BROOKLYN 17, WN. Y. SOLDERLESS CONNECTORS 


GROUNDING DEVICES 


Sales Office and Warehouse: 406 So. Cicero Avenue, Chicago 44, Ill. * ESterbrook 9-0326 CONDUIT FITTINGS 
Office and Factory: 749 Bryant Street, San Francisco 7, Calif. « GArfield 1-7846 
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PROVIDE SYSTEMS FOR... 


SIGNALS AND 
CONMUNICATION 


HIS section covers a wide range of signal and 

communication systems. The material has been 

laid out according to types of buildings, present- 
ing selection and application data on the types of 
systems used in each type of building. 

For any particular application of signal and/or 
communication systems, design details are closely 


Industrial 


Industrial plants require a variety of signaling 
and communication systems, some having individual 
control equipment, and others interconnected or 
combined at one point to be supervised by the plant 
superintendent or the guard personnel. 


Fire Alarm 


Fire alarm systems should be of the closed-circuit 
supervised type. City and State ordinances should 
be checked regarding requirements. Generally non- 
coded systems are limited to small plants, since they 
only transmit a general alarm and do not indicate 


ELECTRICAL CONSTRUCTION 


related to the types of systems and manufacturers’ 
instructions. The many manufacturers of such 
equipment make available much literature and offer 
engineering services to assist the electrical designer. 

The National Electrical Code covers signal and 
communication systems in Articles 640, 725, 800 
and 810. 


Piants 


the location of the operated station. Coded systems 
are preferable since each station transmits a dis- 
tinguishable signal. 

Plain code systems are generally acceptable for 
a single building. Group systems, using coded sta- 
tions, are preferable where several buildings are 
involved. In this type of system, when a station is 
operated in one building, the signal devices in that 
building sound and in addition certain predeter- 
mined bells sound at specified supervisory locations 
such as in the power house, executive offices, etc. 

Stations must be located near stairways and other 
paths of escape and must be spaced so that no one 
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Don’t Tie Yourself Up In Excess Tape 


Save Money with Dutch Brand's new Plastic Electrical Tape 
in 44-ft. Rolls 


Dutch Brand's new 44-ft. roll of Plastic Electrical 
Tape costs no more per foot than a 66-ft. roll. To 
you, this means less funds sunk in inventory. It 
also means you are not tied up in excess tape foot- 
age that invites waste and pilfering. 

Dutch Brand Plastic Electrical Tape is the easy, 
better way to do scores of electrical maintenance 
jobs. It's thin, strong, flexible... provides a di- 
electric strength of 9,000 volts. Also provides un- 
usual resistance to acids, alkalies, oils, solvents, 
fungus, bacteria, and gases. Made to highest in- 


S*MANVILLE 


dustry standards. Available in 20'—44'—66’ rolls. 
Order Dutch Brand Plastic Electrical Tape from 
your supplier today. 


WRITE FOR NEW BOOKLET! 


Looking for new ideas on tape as a 
money-and-time-saver? Ask for 
“Big Four in Electrical Tapes.” 


Johns-Manville Dutch Brand Divi- 
sion, 7800 South Woodlawn Avenue 
Chicago 19, Illinois 


JM Jouns-MANVILLE 
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Intercommunication System of Two-Way P.A. and FM Radio 


This system provides rapid 
and reliable intercommunica- 
tion between widespread offices 
and two large mobile icing ma- 
chines on a long dock used for 
filling refrigerated railway cars 
with ice. A wired 2-way sound 
system is used along the length 
of the 3300-ft dock, with loud- 
speakers which also serve as 
microphone inputs. Radio inter- 
com was found best for tieing 
the two mobile machines into 
the system. The amplifiers, pre- 
amplifier, main FM unit and 
other control devices are rack 
mounted in the main office in 
the control tower of the yard. 
Radio communications are re- 
ceived at the main office and 
reproduced through the P.A. 
system to all the speakers 
along the dock. Each speaker 
can also be used as a micro- 
phone to talk to the entire sys- 
tem. Relay unit shown puts 
main FM unit into transmitting 


Connected to "common" 
“and 500 ohm’ taps 


hm line to A 


To other'A’ speakers 


Line-to-voice coil ¢ 


impedance-moatching 
transformer 


To Bs 


600-ohm 
transformer 
input on 
each 


amplifier 7 


‘\ 


PA Signal fed 
to amplifiers 


Signal input and speakers 


from other 
"talk-back" 
speakers 
and from 


operation when “talk back” microphones 
switch is used at any speaker along dock 


location. / 


‘Single low-impedance 


microphone input 


need walk more than 100 ft to one. Audible signals 
such as bells, usually 10 ins. in diameter, or horns 
of the grille or projector type are distributed 
throughout the areas so that they may be heard by 
all persons. An audible signal such as a small bell 
should be located in the guard room together with 
a punch recorder and take-up reel and a time stamp 
for a permanent record of each alarm. 

The maximum number of bells or chimes which 
may be connected on a circuit operating on alternat- 
ing current is ten. Systems may be provided for 
the connection of an interior fire alarm to a munici- 
pal system. 

Automatic fire detection systems may be used 
separately or combined with the manual fire alarm 
systems. They should be used in large or small areas 
such as storerooms, warehouses, boiler rooms and 
in ducts. Those mounted in ducts may be arranged 
to disconnect motor-driven blowers and to close 
dampers in sections of the ducts to prevent further 
spread of the hazard. 

When combined with manual fire alarm systems 
of the coded type, automatic fire alarm systems may 
be interconnected by using electrically tripped 
transmitters. In this way a separate and distin- 
guishable signal may be given for these protected 
areas. 


Watchman’s Systems 


Watchman’s supervisory systems should be of a 
type which will require the watchmen on the various 
tours to produce a record in the superintendent’s 
or chief guard’s quarters at the start and at the 
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% 500 
a 


0 82 
Q -~~-h Potentiometer 


‘ ; volume control fe 


- — | 
"A" Speaker 
and "talk back’ 
To relay 


contacts on 
other switches 


Switch 








“Talk-back ' 


| Signal from 
speaker 


PA. Signal 
fed to 
transmitter 


——— 


/ 
= 








<— Signal received 

from other trans 
mitters is taken 
from speaker in 
receiver and fed 


se 0.25 mf 
to PA. System “ 


finish of each tour. It should also contain provisions 
for the calls to be made to each station and in se- 
quence, Extra features may be included in these 
systems, such as a delinquency indicator which will 
signal the chief guard when a watchman is delayed 
in arriving on time at a station. Or a telephone jack 
and a pilot lamp at each station may be provided 
so that communication may be had between head- 
quarters and the outlying points. The telephone 
jack is used for plugging in a handphone which is 
equipped with cord and plug, while the lamp is used 
to notify the watchman along the tour that he is 
to call the central point. All tour stations must be 
located at remote points to insure complete cover- 
age of the premises. 


Sprinkler Systems 


These alarm systems are used to signal when 
sprinkler heads open, when noticeable leaks occur, 
when waterflow valves operate in either dry or wet 
systems, when post indicator valves operate or are 
left open or when the shut-off valves are placed in 
a sub-normal position. All of these valves are 
equipped with contacts so that an alarm will be 
transmitted to either audible signals, annunciators 
or a combination of same. A supervisory control 
panel or an annunciator should be provided. 

A coded signal may be transmitted to the signal 
devices of a coded fire alarm system by intercon- 
necting the sprinkler system wiring through an elec- 
trically tripped transmitter. These transmitters 
should be connected to separate supervised circuits 
on the fire alarm control panel. 
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MAKE INSTALLATION JOBS 
EASIER, MORE CONVENIENT... 


Only 2020° connectors 
have all these cost-saving 
features! 


(78) 


ENCIMEEREO 


Only one screw to 
tighten ... captive so it 
can't come out 


No lock-nut needed — 
grooves hold connector in 
Ya" knock-out 


Smooth, firm grip on all 
cable sheaths 


Takes 2- or 3-wire non- 
sheathed metallic cable in 
sizes from 14-2 to 10-3 


ar . Easily installs from out- 
, side or inside box 


*Poctented 


qa | 
| (CM APDILAPD 22>»? D>p>wS 


INSTALLATION IS SIMPLE AS ABC 


Snap into knock-out 
and release — grooves 
id connector in place 


(ee fee 


Slide in wire and 
tighten screw — cable 
ovtomaticolly is 
gripped firmly, sides 
expand to lock in 
connector 


Pinch sides 


T & B 2020's are steel snap-in type connectors for 
non-metallic sheathed cable. With an easy squeeze, 
the “2020” snaps into a 4%” knock-out and is held 
fast by grooves. Because this connector installs from 
either inside or outside the junction box, it is especi- 
ally good for work on old buildings where damage 
to walls and floors can be avoided by working from 
inside the box. 


T & B 2020 Connectors have full Underwriter’s 
Laboratories approval. They hold any non-metallic 
sheathed cable sizes 14-2 to 10-3; 2- or 3-wire 
cables, also portable cords, etc. — work especially 
well on currently popular small dimension plastic 
sheathed cables. Write for samples and descriptive 
literature. 


LOOK FOR THIS SIGN — 


lable IT'S THE MARK OF AN AUTHORIZED T & B DISTRIBUTOR 


The complete line of T & B fittings for conductors and raceways is sold only by 
recognized electrical wholesalers. It's our way of assuring you the service and 
savings of a friendly local source. Call him for all your electrical needs. 7-510 


THE THOMAS & BETTS CO. 


INCORPORATED 
34 Butler Street * Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P.Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
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Smoke Detection 


These systems are used to detect smoke in venti- 
lating, air-conditioning and dust-collecting ducts. 
It may also provide for disconnecting the air blower 
motor, and to close dampers in various sections of 
the duct system to prevent spreading of fire. 

This is accomplished by means of photo-electric 
systems wherein the light source directs a beam to 
a photo-electric cell across the interior of the ducts. 
The photo-electric equipment may be adjusted to 
operate when the smoke in the ducts reaches a pre- 
determined density. The control equipment trans- 
mits the signal to annunciators together with an 
audible alarm at the guard’s quarters, and may also 
be interconnected with the manual fire alarm system. 

Thermostatic detectors may be installed in the 
ducts to indicate abnormal rise in temperature. 


Burglar alarm systems may be used to protect all 
doors, windows, elevator openings, skylights, etc. 
This is accomplished by the use of various types of 
spring contact, switches, foil tape and networks of 
wired lattice-work. Photo-electric equipment may 
be used to protect stockrooms, toolrooms, filerooms 
and loading platforms. Safes and cabinets may be 
protected by special electrified enclosures or capacity 
alarms. All signals should terminate in a control 
cabinet at the chief guard’s quarters. 


Door Alarms 


Such systems are used to signal the guard room 
when certain restricted areas have been entered or 
vacated by individuals. The doors are provided with 
contacts which operate lamps or drops in annunci- 
ators. An audible signal such as a bell or buzzer is 
provided at the supervisory location with isolating 
switches for each circuit. In addition it is desirable 
to operate a large bell adjacent to each door. 


Other Alarms 


Hold-up alarms may be used in the disbursing 
office using special pushbuttons, foot and knee con- 
tactors at desks and counters. 

Transformer supervisory alarm systems may be 
used to designate a dangerous increase in the tem- 
perature and pressure in oil-cooled transformers. 
Temperature and pressure switches are provided 
for this purpose and are inserted into the trans- 
formers. Provision may also be made for the release 
of CO, tanks in the transformer vaults. 


Paging 


Paging systems are used to call and locate in- 
dividuals for answering telephones, attending meet- 
ings, etc. In general these systems may be either 
of the coded, sound or visual type. 

The coded type consists of a code transmitter with 
audible signals such as bells, horns, chimes or mild- 
toned sounders and the associated controls. 

A sound system consists of one or more micro- 
phones, a number of loud-speakers and the associated 
amplifier equipment. 


The visual system used in laboratories and offices 
consists of a keyboard, lamp annunciators and the 
necessary control equipment for flashing the lamps 
and operating a buzzer signal when desired. 

Code signals are assigned to the personnel in the 
coded system. Code numbers are assigned in the 
visual type of system. 


Clock and Program Systems 


These are used for indicating the time of day and 
operating signal devices such as bells or horns at 
pre-determined times such as starting and stopping 
work, rest periods, lunch periods, etc. In addition 
they may also include time stamps, employees’ time 
recorders, elapsed time or job recorders, etc. These 
systems may be provided with synchronous-motored 
movements or minute-impulse movements. 


Intercom 


Intercommunicating telephone systems may be 
provided in various forms, and the selection should 
be based upon the practical requirements. 

There are cases in small plants where a 2-station 
or pair of telephones are desired to converse be- 
tween two points. For larger installations up to 
about ten stations, where only one conversation is 
found necessary at one time, the common-talking 
selective ringing system may be used. In systems 
requiring a greater number of stations the selective- 
talking selective-ringing type should be used. Where 
it is desired to have a small number of telephones 
supervised from one location, and only one pair of 
conversations is desired at one time, a master 
common-talking system is frequently found satis- 
factory. For large systems the manual switchboard 
or the automatic dial type systems should be used. 


Public address sound systems may be used 
throughout the plant for paging, radio programs, 
recordings, announcements and entertainment de- 
rived from a centralized system. Loudspeakers of 
the proper type and size are distributed throughout 
the premises with the wiring to the control center. 


Conveyor Signals 


Conveyor signal systems are used to indicate t 
various locations that conveyors are to operate, when 
they are to stop and when an emergency exists. The 
system usually consists of pushbuttons which are 
connected to operate bells or horns. In addition 
photo-electric units may be installed at various 
points along the conveyor route with counters to 
designate the passing of different articles. 


Other Systems 


There are many systems which may be used in 
manufacturing processes. Liquid level indicators 
supervise the high and low levels of liquid contents 
in tanks, cisterns, reservoirs. Pressure indicators 
supervise all measurable forms of pressure such as 
air, oil, water and steam. Temperature indicator 
systems supervise liquid and area temperatures. 
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Tape it easy, Mac! 
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Gold Seal Tape sticks tight in any weather 


You can do a first-class insulating job — easier and faster — 
with Gold Seal Friction Tape. It tears evenly, conforms 
readily to uneven surfaces, sticks tight in any temperature and 
under all weather conditions. And one thickness insulates. 

For lasting “tack”, for all-around insulation protection, 

ask for Gold Seal Friction Tape. Made by Jenkins Bros., 


Rubber Division, 100 Park Avenue, New York 17. 


In 10-roll containers or single rolls « Each roll sealed in cellophane, stays fresh 


> 


Gold Seal FRICTION « Rubber + Plastic Tapes...Commercial and Specifications Grades 
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Commercial Buildings 


Modern office and commercial buildings, whether 
located in large or small cities are faced with similar 
basic problems insofar as protection and expediency 
is concerned. 


Fire Systems 


Fire alarm systems of the manual type should be 
installed for the protection of the general public and 
the employees within the building. Such systems 
may be of the same type as outlined for industrial 
buildings. 

Fire alarm systems of the automatic type should 
be installed at all points where records or files are 
kept or stored. These systems are composed of a 
quantity of equally distributed thermostatic de- 
tectors grouped into zones and wired to annunciator 
control boards, or combined with the manual fire 
alarm system through electrically tripped trans- 
mitters. 

Fire-line signal systems are similar to standard 
coded fire alarms of the closed-circuit type with the 
addition of manually operated signal stations which 
are installed on alternate floors of tall buildings. 
These manual stations have hinged doors, are 
equipped with special cylinder locks, and are com- 
posed of closed-circuit strap keys which are used 
exclusively by members of the fire department to 
transmit signals to the pump room. 

The coded and the manual stations are all con- 
nected in series. The bells are of the single stroke 
type and are located in the pump room, elevator 
shafts and at all points required by the local fire 
prevention authorities. This feature may also be 
added to pre-signal fire alarm systems in which case 
the initial operation of the pre-signal station trans- 
mits the coded signals on the fire line or pilot bells. 
The second operation of the pull lever in conjunction 
with the insertion of a special plug or key in the 
station will operate the general alarm on all bells. 


Fire-line telephone systems are composed of a 
master station telephone located in the pump room, 
sub-master station telephones located in the auxil- 
iary pump room and at the building entrance, and 
outlying telephones located on each of the other 
floors. These systems are of the common-talking 
type. 

The master-and the sub-master telephones are 
provided with pushbuttons to selectively call each 
other. The master station is also provided with a 
loudspeaker type receiver mounted into the instru- 
ment housing. A handset with a long extension cord 
is included which will enable the operator of the 
pump to remain at his post. Vibrating bells of 6-in. 
size are used as audible signals on these telephones. 
The outlying telephones are provided with pushbut- 
tons for selectively calling the master and the sub- 
master telephones. 


Watchman’s Tour Systems 


These are considered very necessary. Where the 
building is part of an industrial group the signals 
may terminate in the guard’s quarters. Where the 
building is separate, the signals should terminate 
in the superintendent’s office. In general the system 
may be of the same type outlined under industrial 
buildings. 


Other Systems 


Sprinkler alarm systems are also used. How- 
ever, in office buildings these systems are usually 
installed in storage spaces and other hazardous loca- 
tions where a deluge is found necessary to prevent 
the spread of a fire. It is not usually considered 
where water might completely damage the contents 
in a given location. 

Smoke detection systems may be used in the 
various duct systems in ventilating and air-condi- 
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PLEXIGLAS 


...for lighting that stands out and stands up! 


Good interior design includes lighting of the highest 
quality. That is why so many handsome interiors are 
lighted with equipment incorporating PLEXIGLAS® 
acrylic plastie diffusers. With PLEXIGLAS, you can be 
sure of clean, pleasing appearance, and highest effi- 
ciency in transmission and diffusion of light. In 
addition, the high quality of your lighting lasts, 
because PLEXIGLAS stays free from discoloration on 
long exposure to fluorescent light, resists breakage, is 
a rigid material with a smooth, easily cleaned surface. 


We wil! be pleased to send you the names of manufac- 
turers of lighting equipment that includes PLEXIGLAS. 
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Shown above are 3-ft.-diameter domed diffusers of white 
translucent PLEXIGLAS, at conference room of Cluett, 
Peabody & Company, Inc., New York City. Interior 
design by Designs For Business, Inc., New York. 


In Canada: Rohm & Haas Co. of Canada, Lid., West Hill 
Crystal Glass & Plastics, Lid., Toronto. 


Chemicals for Industry 


Lu ROHM © HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


. » MAY, 1959 








tioning the building and may be applied as outlined 
under industrial buildings. 

Protective alarms are provided in numerous 
forms to protect doors, windows, floors, ceilings, etc. 
from intrusion. 

Call systems are widely used and are of many 
types. Individual return-call systems, in which push- 
buttons and a buzzer may be combined in one block 
for calling back and forth, are used between two 
points. Other systems may be composed of push- 
button blocks on desks, counters, etc., which will 
operate lamps or drops in annunciators, and pilot or 
return signals such as lamps on the originating 
calling station. 

Electric door locks are used on doors to be super- 
vised, with operation from pushbuttons at specified 
locations. Electric door closers may be used and 
operated from pushbuttons where executives desire 
to close the doors for privacy. 

Clock and program systems may be used in an 
entire building if occupied by one concern, or by the 
tenants occupying individual floors. 

Garage ramp systems are composed of photo- 
electric equipment and arranged so that the doors 
will automatically open to permit an automobile 
or other vehicle to enter. A double ray is used so 
that the beams will not be affected or interrupted 
by a person who may be passing. A diagonal ray 
may also be used to prevent the door from lowering 
while the vehicle is still in the ramp. A bell signal 
may be located in the garage to advise attendants 
that a vehicle is to enter. 

Intercommunicating telephone systems will per- 


mit contact with various departments without caus- 
ing confusion, interruptions or tying up the regular 
public telephones. These may be secured in different 
types: either the amplified or non-amplified, master 
selective-ringing common-talking, selective-ringing 
common-talking, selective-ringing selective-talking, 
manual switchboard and automatic dial. 

The selection of such telephone systems depends 
upon the number of stations to be used, whether or 
not more than one conversation will be held at one 
time, whether the system is to be under the control 
and supervision of an individual or whether selec- 
tivity is to be obtained without the supervision of 
an attendant. Other features such as conference 
calls are also obtainable. 

Elevator signals are most important for both 
passenger and freight elevators. These consist 
chiefly of “up” and “down” pushbuttons on every 
floor except on the extreme lower and upper floors, 
with associated annunciators in the elevator cabs. 

All passenger elevators should be equipped with 
telephones for emergency purposes so that a con- 
versation may be had with the starter on the main 
floor or the superintendent of the building. A dis- 
patch signal system should also be included for start- 
ing the elevators and for signaling at points along 
the route. 

Door signals are usually used between the front, 
rear and boiler room entrances, to such locations 
as the main lobby, elevator shafts, superintendent’s 
office and boiler room. All exterior pushbuttons 
should be of the watertight type. All bells should 
be of the heavy-duty type. 


Schools 


Safety is the prime consideration as schools are 
occupied in many cases by children of all ages. 
High schools, vocational schools and colleges, al- 
though occupied by students of a mature age, are 
equally in need of efficient and reliable protective 
systems, as such buildings are very large. In the 
case of many colleges, they are located in small 
towns where fire fighting apparatus is not always 
adequate 

In general there are several types of systems used 
in schools: manual fire alarm, automatic fire alarm, 
sprinkler alarm, clock, program, telephones, sound 
and radio distribution, lecture call, orchestra call 
and door ¢call 


Fire Alarms 


Any fire signal should be distinctive from all 
other signals, and should be audible to everyone in 
the building. The apparatus for sounding the alarm 
should be generously distributed within the path 
of escape, and should be equipped for fire drill pur- 
poses. So-called fire-proof or fire-resistant buildings 
do not decrease the need for properly drilled stu- 
dents. Even a small fire may fill the corridors with 
smoke and may result in a panic. 

Fire alarm systems for use in schools are usually 
of four types, having one common characteristic— 
they are all closed-circuit electrically supervised. 

In small schools, either the non-coded or master 
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coded type is frequently used. In the first 
system, non-coded break-glass stations operate 
vibrating bells or horns continuously. In the second 
system, non-coded break-glass stations operate an 
electrically tripped master movement on the con- 
trol panel which in turn operates either single- 
stroke bells or horns, sounding a common coded 
signal such as 4-4, 

In large schools and colleges, the coded types of 
system are used wherein every station transmits its 
own distinctive code to the sounding devices. Where 
a number of buildings are involved, the coded type 
systems may be modified and extended to a group 
system, wherein a fire in one building need not dis- 
turb students in other buildings. The operation, 
therefore, of a station in one building sounds all 
signals in the same building and only operates sig- 
nals at certain other locations where supervisors 
and other members of the staff take command. 

Auxiliarized systems, wherein the signal is also 
transmitted to the municipal fire department, may 
also be provided and is preferred in many com- 
munities. The stations used in this auxiliarized sys- 
tem are provided with a special lock which enables 
a fire drill to be made with assurance that the signal 
will not be transmitted outside the building. 

Automatic fire detection systems may be included 
and interconnected with any of the manual fire 
alarm systems mentioned above. The thermostatic 
detectors are generally located in the boiler room, 
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Here, circuits for clock and 
program system and for public Future extensions 
address and intercom system stubbed out 5'0" 
are carried in underground con- salen pall 2'6 
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ing to other buildings in the "a 
school group. A %-in. conduit 4°12-5*14-I5 Cc 
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cuits. Feeders for power and 
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kitchen and storerooms. In older schools having 
attics, this form of protection is very important. 


Other Systems 


Sprinkler systems may be used in some areas 
in the school buildings where the fire hazard is 
considered great, such as in storerooms. 

Clock and program systems provide the means 
of showing correct time throughout the premises, 
and to denote the different periods in a day’s sched- 
ule. In grade schools, the programs are generally 
arranged to operate signals at the start of classes 
in the morning, morning recess, lunch period, after- 
noon recess, and afternoon dismissal. In high 
schools and colleges the changes in class periods and 
evening classes must also be considered in setting 
up the ringing schedules. Program instruments are 
provided for any minute interval over a 24-hour 
period. 

The clock systems are available in different forms 
or types, namely, minute-impulse master control, 
synchronous-motored master control, dual syn- 
chronous-motored and electronic. 

The minute-impulse system consists of a master 
clock and a number of secondary clocks and is oper- 
ated on direct current through a rectifier. The 
master clock sends out electrical impulses every 
minute and in addition sends out correction im- 
pulses each hour to the secondary clocks. 

The synchronous-motored master control system 
consists of a master clock and secondary clocks 
which are synchronous motored. The master clock 
corrects the secondary clocks each hour within 
specified limits. 

The dual synchronous-motored system has no 
master clock as such but instead all clocks have two 
motors, one to operate the hands in a normal man- 
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ner and speed, the other to operate at a much faster 
rate and which in turn is used to advance the clocks 
to correct time after an interruption in power. 

The electronic system consists of a master clock 
or transmitter and a number of electronic secondary 
clocks which operate on a specified electrical fre- 
quency and are controlled once each hour by the 
master clock. 

Program systems consist chiefly of a program 
instrument, a selective signal control board and the 
necessary audible signals such as bells or buzzers. 
In sound systems, the bells and buzzers are replaced 
by an oscillator and loudspeakers. The program in- 
strument is composed of a calendar drum or device, 
a time drum, signal circuit relays, signal control 
switches, and program-circuit pushbuttons. 

In a small system, the audible signals may be con- 
trolled directly from the program instrument. In 
the larger systems where selectivity is required, 
a signal control board is used having a pushbutton 
for each signal device and a set of program cross~- 
connecting busbars with plugs, which permit the 
changing of program circuits. 

In systems incorporating telephones with the sig- 
nal control board, a handphone is added to this 
board for communication from the main office to 
the classrooms and other locations having tele- 
phones. The pushbuttons on the signal contro] board 
are used for ringing the outlying telephones which 
actually use the program buzzers in the clock cases. 

Elapsed-time clocks may be secured to indicate 
the time taken by various phases of experiments in 
laboratories, or the elapsed time in sports such as 
basketball, football, track, swimming, etc. These 
are connected individually and are not considered 
a part of the clock systems. 

Telephones are used for intercommunication 
between the principal’s office and the main office and 
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SEALED DRY-TYPE 


TRANSFORMERS 


These modern unit substation trans- 
formers can be safely installed in any 
load-center—any place—because they 
are hermetically sealed in welded steel 
cases to provide positive protection 
from contamination, fire and explosion 
hazards. The only maintenance needed 
is periodic checking otf gas pressure 
(inert nitrogen), case and bushings. 
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Wagner Electric Corporation 
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the classrooms. This may be accomplished by means 
of a master system having a central telephone in 
which the pushbuttons are used to call the outlying 
telephones each of which has an audible signal en- 
closed within the instrument. Or the signal control 
board of the program system with a handphone and 
the associated control equipment may be used as the 
master, using standard outlying telephones with 
their enclosed signal or outlying telephones without 
a signal, in which case the program buzzer in the 
clock cases would be used as a signal. 

The classroom telephones are usually of the wall 
mounted type, while those in the principal’s and 
assistant principal’s offices would be of the hand- 
phone-on-cradle type. In large high schools and 
colleges, a manual switchboard system or an auto- 
matic dial type system is often used. In the former, 
the operator would have full control of the traffic 
between all points. With the automatic type, each 
person using the system may dial any telephone. 

Sound and radio distribution systems are used 
in all types of schools. These systems consist chiefly 
of a contro] desk, microphones and loudspeakers. 
The control desk is composed of individual control 
switches for each outlying loudspeaker in class- 
rooms, auditorium, gymnasium, athletic field, etc., 
together with monitor speaker, microphone, record 
turntable, radio receiver, amplifiers and other con- 
trol devices. The microphones are located at the 
control desk, principal’s office and stage with out- 


lets at other points as selected. The loudspeakers 
are located in the classrooms, auditorium, gym- 
nasium, corridors, cafeteria, athletic field, etc. 

The system enables the distribution of radio pro- 
grams, recordings, lectures and announcements to 
all points selectively or collectively. If desired, the 
talk-back feature may be included which will permit 
conversations to take place between the monitor 
speaker at the control desk and the loudspeakers in 
any classroom. 

Lecture call systems are in reality return-call 
systems and are used between the stage in the audi- 
torium and the projection booth. Most of these sys- 
tems consist of a station on the stage, installed on 
the wall or in the floor. A long portable cord with 
a detachable plug and a pendant pushbutton is a 
part of this station and is used for calling the pro- 
jection booth where a buzzer is sounded. 

A buzzer is mounted on the wall of the stage and 
is controlled from the station in the projection booth 
which consists of a pushbutton mounted on the wall, 
ganged with the buzzer used for calling from the 
stage. A pilot light may be added to the projection 
booth station with a switch so that either the buzzer 
or the pilot light may be operated. Telephones may 
also be combined in these systems. 

Orchestra call systems are usually return-call 
systems in which lamp annunciators with a buzzer 
and pushbuttons are used, and these are located in 
the orchestra pit. 


There are several types of systems used in hos- 
pitals, namely visual and audio nurse-call, emer- 
gency calls, psychopathic alarms, paging, “In” and 
“Out,” sprinkler alarms, intern, ambulance, clinic, 
inter-phone, nurses’ home room-call, clocks, labora- 
tory, fire alarm, watchman’s report, elevator and 
dumbwaiter signals, door-calls and ground detector 
signals. 


Nurse Call 


Nurse-call systems are used by the patients to call 
a nurse or attendant to the bedside. There are two 
general types of such systems—the visual and the 
audio. By pressing a portable button, lights are 
caused to be illuminated over the patient’s door in 
the corridor, duty rooms, diet kitchens and the 
nurses’ stations on a given floor or section thereof. 
In the case of a ward, a pilot light is included with 
the calling station or is mounted on the ceiling above 
the curtained cubicles to ascertain the origin of the 
call. 

The lamp signal at the nurse’s station may be a 
single common lamp for a floor, or a section thereof, 
or an annunciator with an indicating lamp for each 
room. The choice depends upon the number of 
rooms, shape and size of the floors, the number of 
nurses available, and the amount of efficiency de- 
sired. In addition to the lamp signals, a buzzer is 
located at each supervisory point such as duty rooms, 
diet kitchens and nurses’ stations together with a 
cut-off switch permitting full control at all times. 

Directional pilots are of assistance when used 


with nurse-call systems. They are used to direct 
attention to the nurses while enroute between 
patients’ rooms and points of supervision. They 
indicate the general direction of a call without hav- 
ing to return to a supervisory point. These signals 
consist of door-lamp stations mounted on the ceiling 
of a corridor intersection and may be interconnected 
with other floors. 

Nurse-call stations of the visual and audio type 
using locking buttons may be ganged with other 
outlets such as radio, public telephones, duplex con- 
venience receptacles, night lights, etc. A barrier 
must be provided in the outlet box whenever a light- 
ing circuit enters adjacent to a low-tension outlet. 
However, nurse-call stations of the visual and audio 
remote-reset type use momentary-contact buttons. 

The audio or voice feature is used in conjunction 
with the visual nurse-call system and is a valuable 
adjunct since the nurses may converse with the 
patient and in that way can give better service and 
save considerable time and footsteps. In this system, 
the patient presses the pushbutton in the usual 
manner and all lights and buzzers operate as previ- 
ously described. The chief change is at the nurse’s 
station, where in a new installation the annunciator 
is omitted, since the lamps, the control and the audio 
equipment is enclosed in one unit. A loudspeaking 
unit is located in the wall at the head of the bed 
or on the night table alongside the patient’s bed. 
When the patient presses the button, a lamp illumi- 
nates in the master unit at the nurse’s station. A 
control key for that station or room is operated by 
the nurse and the circuit is completed for talking. 
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Basic Layout of Audio-Video Nurse-Call and Patient Supervision System 


TV viewing camera in each room 
transmits picture of room and 
potient to supervisory unit <— 


At each bedside loud- 
speaker for two-way 
Privacy switch intercom to super- 
for use of patient visory unit 
to cut off sound 
and picture circuits 


dentification plate indicates 
room number and name of 
patient for each position of 

room selector switches | 


Room selector switches Tune’ __ 
sound and picture to each room, 
as desired 


Loudspeaker provides 
two-way voice communication 


, with each room 


Television screen provides visual 
inspection of each patient 


Room pictures are automatically 
~~ rotated on screen 


——____ Other controls for sound and picture 


MAIN SUPERVISORY UNIT AT 
NURSES DUTY STATION 


All other lights in the corridor and supervisory 
points remain illuminated until the button is reset 
at the patient’s bedside in the case of locking button 
systems, or reset at either the patient’s bedside 
or at the nurse’s station in the case of the momen- 
tary-contact button type. 


Emergency Call 


An emergency feature may be added to any nurse- 
call system. This is, in most cases, used by the nurse 
to call assistance to a patient’s room when the oc- 
casion requires. In the case of a locking button 
nurse-call system, the emergency button has the 
same contact mechanism as the portable button; but 
it is mounted directly on the gang plate. When this 
button is operated it illuminates separate and dis- 
tinct lamps and audible signals. As an example, a 
red or green lamp is added to each corridor lamp 
station and to all supervisory stations. In addition 
a bell, which operates continuously, is used. 

Psychopathic alarm systems are used as a pro- 
tection in the event a nurse or attendant is attacked 
by a violent patient. Such a system consists of cor- 
ridor-control stations, room-calling stations, cor- 
ridor lamps and supervisory stations as for the 
regular nurse-call system. 

When an attendant enters a room, the corridor 
control station is set by means of a key before going 
into the room. This immediately energizes the room 
stations within that room and lights a clear lamp 
in the corridor indicator and at the supervisory 
points. Should it become necessary to call for assist- 


ance, the room stations are operated by means of a 
pushbutton which lights colored lamps at all points 
described previously and operates a bell continuously 
at the nurse’s station and at other points desired. 
The system is de-energized by resetting the cor- 
ridor station. 


Paging Systems 


Paging systems are used to locate doctors and 
other members of the staff throughout the building. 
There are three general types of systems used: 
visual, sound and coded. 

The visual system uses lamp annunciators 
throughout but also incorporates an audible signal 
such as a buzzer or chime in the event an occasional 
selective signal is desired. In the visual type, three 
and as many as six persons may be paged at one 
time by setting up the combination of code num- 
bers. Usually three-digit figures are used, although 
occasionally one, two, or four digits are used for 
other code number combinations. 

The sound system consists of loudspeakers 
throughout the one or more hospital buildings. In 
the sound system, the name of the person is trans- 
mitted through microphone. 

The coded system uses bells, buzzers, sounders or 
chimes throughout the hospital building. In the 
coded system each person is assigned a code number 
which is transmitted from a central point to all 
audible signals. 

“In” and “Out” systems are used by the doctors 
and other members of the staff to designate whether 
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Not worry in the world of fluorescent lighting 


with the new Advance fluorescent lamp ballast service warranty program 


This new ADVANCE Fluorescent Lamp Ballast 


saat | Service Warranty Program has been designed to 
ESCENT LAMP BA as 
NTY POLICY 


protect every fluorescent lighting equipment 
manufacturer, specifier, supplier, installer and 
fluorescent lighting user against labor costs arising 
from an excessive number of failures directly 
attributed to self-contained components within an 
ADVANCE Fluorescent Lamp Ballast. Contact your 
ADVANCE Representative or write for details on 


this amazing new protection plan. 





ADVANCE | rananararep 
Ora * | TRANSFORMER CO 


le 
Fivorescent Lamp Bollosts 2950 NO WESTERN AVE CHICAGO 18 i USA 











Sketch of Typical Nurse-Call Annunciator 
Indicates Functions of Components 


Room annunciator lamp 
units as noted by 
number at symbol 


Green lamp to indicate 
switch is thrown to place 
local calls on "Duty"signals 
in opposite zone. 


"Duty"signal lamp- red 
to show calis from the 
Opposite zone only. 


Switch to control "Duty" 
Local buzzer cut-off 
switch signals.—Off when local 
nurse is present 


or not they are present in the building. Generally, 
an entrance register, having a lamp and a switch 
for each person, is located near the main entrance 
of the building or in the doctors’ cloak or lounge 
rooms. Another unit known as the office register 
and having the same capacity is located near the 
telephone switchboard operator. In the standard 
type system the office register does not require 
switches, but in the recall or message type system, 
a switch adjoins each lamp, the same as for the 
entrance register. 

In the system using the entrance register and the 
regular office register, the doctor operates the switch 
alongside his name and thus causes the lamp to 
illuminate his name at the entrance register and at 
the office register. When he leaves the building he 
returns his switch to the original position in order 
to extinguish the lamps. In the message signal 
type, the operation of the switch in the office register 
by the telephone switchboard operator causes the 
connected lamp to flash in both units and indicate 
that such a person is wanted at the office to obtain 
a message, instructions or mail before leaving the 
building. 


Other Systems 


Intern-call systems generally consist of either a 
return-call system or a master telephone system 
between the interns’ living quarters and the head 
nurse’s or superintendent’s office. In the return-call 
system a pushbutton board with a buzzer is located 
at the central point, and a return-call station con- 
sisting of a buzzer and pushbutton is located in 
each intern’s room. 

Sprinkler alarm systems are used where it is 
deemed necessary to deluge the contents of a room 
to insure against spread of fire from one point to 
another. 

Ambulance calls may be kept separate but are 
often combined on an annunciator with other door 
signals. In most cases, however, the system is so 
arranged that a bell operates with the annunciator 
indicator as a distinctive signal when a pushbutton 
is operated from the ambulance entrance. 

Clinic systems are generally composed of an- 
nunciator or buzzer call systems. In the case of ex- 
amination and dressing rooms, a pushbutton plate is 
located in the former having a pushbutton for each 
dressing room. A buzzer is located in each dressing 
room. The signal designates that the doctor is 
waiting for a specific patient. 


calls to opposite zone'Duty’ 


Interphones are used between the main kitchen 
and the floor diet kitchens and are usually located 
near the dumbwaiters. They may also be used 
between the offices, nurses’ stations, supervisors, 
etc. For the kitchen service, a master system may 
be used wherein the master telephone may be located 
in the main kitchen equipped with a pushbutton for 
each outlying telephone. The outlying telephones 
are provided with a single pushbutton. In this sys- 
tem the master telephone can call any of the out- 
lying telephones, but the outlying telephones can 
only call the master. For intercommunication be- 
tween a small number of offices and various depart- 
ments, a selective-ringing common-talking system 
may be used. In larger systems using more than 12 
telephones a selective-ringing selective-talking sys- 
tem should be used. 

Nurses’-home calling systems are composed of 
the same equipment as previously described under 
intern-call system. In very large nurses’ homes, the 
central control unit should be of the plug and jack 
type wherein a telephone type jack is used for all 
rooms having the same last two digits in their room 
numbers. 

Clock systems are very important in hospitals, 
both for keeping time and in administering 
anesthesia. Clocks are located in offices, corridors, 
nurses’ stations, kitchens, laboratories, operating 
rooms, lounges, etc. Seconds-beat clocks should be 
installed in operating and delivery rooms. 

Laboratory signal systems are used for various 
purposes. Contacts may be placed on the doors of 
cabinets which contain drugs, narcotics, etc., and 
the signals may be transmitted to an annunciator 
located in the office of the person in charge. An in- 
terlocking door control system may be provided on 
the doors leading to the darkroom for the develop- 
ment of X-ray films. This is so arranged that no 
one may enter such a room unless an inner or an- 
other entry door is closed to insure that bright light 
does not enter the developing room. 

Fire alarm systems for use in hospitals are 
usually of the pre-signal type. In this type of sys- 
tem the first operation of the pull lever in the coded 
station only operates pilot bells at certain super- 
visory points such as the superintendent’s office, 
chief nurse’s office, engineer’s office, elevator shafts, 
ete. Upon arrival at the point of the fire, if it is 
deemed necessary to vacate the building, the officer 
in charge inserts a plug in the station alarm jack 
and pulls the lever so that all bells throughout the 
building operate. 

Watchman’s report systems are used in hos- 
pitals to insure that the premises are covered prop- 
erly at night. The types of systems described in 
other sections may be used for this purpose. 

Sound and radio systems enable the patients to 
listen in on one or more channels of radio programs, 
recordings, announcements, etc. Connection of the 
headphone or loudspeaker is made by plugging into 
the jack on the wall plate, usually ganged with the 
nurse-call station. Provision should also be made 
for television, the outlets being located in solariums, 
day rooms and lounges. 

Elevator signals for passenger and freight are 
always provided, and are usually furnished by the 
manufacturers of these units. Signals are also re- 
quired for dumb-waiters. 
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LEADING FIXTURE 
Use america 
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@ Library Office . 
Lighting by Curtis 


@ Gary Bank 
Lighting by Sweeney Electric Co. 


Because the exclusive process of American Plastic Louvers provides 
the finest shielding media for all types of lighting equipment 


Luminous 


American Plastic Louvers offer the maximum in conformability 
Ceilings 


for any lighting plan, whether it be commercial, institutional, or 
industrial. They give soft—glare free, efficient inexpensive visual 
=a comfort. Maintenance free—self-aligning for individual fixtures, 


modular patterns or full ceiling installations. 


Be sure to specify American Plastic Louvers on your next 


Surface 
Fixtures 


lighting job for the ultimate in lighting. 


OUR ENGINEERS in your area are available to help you with your lighting problems 


Pendant . . for additional information, write for detailed bulletin. 


Fixtures 


@ American Louvers are avail- 
able in white, and your choice 


of pastel colors. Te Telen a-te comp 





OPERATES EASIEST OF ALL 
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U. S. Pat. No. 2,820,113 
other patents pending foreign patents applied for 


UL LISTED— CSA APPROVED 


In single pole, double pole, 3-way and 4-way models. 


Brown or ivory touch button. 


Sold only through electrical wholesalers. 
Or for further information and prices, 
write Rodale direct. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


ACTUAL SIZE 


Compare Touchette with any touch switch simply by 
pressing them together, button to button. With just the 
merest pressure, you'll see Touchette switch on . . . then, 
with considerably more pressure, the other switch will do 
the same. It’s as easy as that to prove to yourself which 
switch actuates more easily. For that’s the beauty of 
Touchette. Just a feather-light touch . . . it’s on. Another 
touch, and it’s off. 


Feature for feature, you'll find Touchette the ideal switch 
for new construction or remodeling jobs. Easy to handle, 
Touchette measures just one inch in depth . . . is 
quickly installed even in boxes where several wires 
already enter. Rated 15A-120-277V, Touchette operates 
on full line voltage . . . fits standard outlet boxes and 
toggle wall plates . . . needs no special wiring. 


Yet with all these operating and installation “‘plusses,”’ 
Touchette is the least expensive touch switch on 
the market. 


Could any touch-action switch possibly offer more? 


dept. CS emmaus, pa. 


manufacturing co., inc 
oedale / TO 
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Put in a product you 


can be proud of 


Ilg Radiant Baseboard panels arrive on the job in perfect shape 
—protected in sturdy, easy-to-carry cartons, sized to the indi- 
vidual lengths you need. Ilg baseboard comes in 2’, 5’, and 8’ 
lengths, for surface or semi-recessed mounting. Open the carton 
and you have everything you need for the job—back panel with 
heating element, front panel, full line of accessories. 


Finishing Touch. Ilg radiant baseboards are a “snap” to install. 
You just (1) screw or nail the back panel complete with heating 
element to studding, (2) connect power to splice box by bringing 
in wires from rear, bottom or sides, and (3) snap on cover panel, 
end covers and corner pieces. Baseboard can be painted to match 
any room color. No primer needed. Send for Bulletin 1401. 


INSTALL ILG ELECTRIC HEAT 


Good Things Come in Small Packages. 
Ilg fan-driven electric wall insert heaters 
pack tremendous heating output into 
small space. Three sizes deliver 6824 
B.t.u./hr., 10,236 B.t.u./hr., 13,648 
B.t.u./hr.. Finned heating elements are 
sagproof, moistureproof, shockproof. 
Thermostat is separately controlled by 
own selector dial—cannot cause radio or 
TV interference, operates within 55-85° Bulletin 808. 
range. 

Separate “on-off” switch sets heater in 
automatic operation without disturbing 
comfort level of thermostatic setting. 
Heavy sheet metal case with baked-on 


sea-foam beige enamel extends only 114 
into room. Send for Bulletin 1101. 


Pick Your Capacity. Ilg electric unit heaters 
range in size from 114 to 36 kw. All heaters 
have non-glowing, steel-sheathed, black-heat 
type replaceable heating elements . . . super- 
quiet Ilg “Q” type aluminum fan wheel direct- 
connected to Ilg-built motors. Choice of auto- 
matic or manual controls. Capacities from 5118 
Complete units bear Ilg 
famous “One-Name-Plate” guarantee. Send for 


to 122,832 B.t.u./hr. 


Name Your Mounting. New Ilg electric 
cabinet heaters have 2- and 3-speed blow- 
through or draw-through motors; for 
floor, ceiling, wall or inverted mounting. 

Finned strip heating elements. High- 
limit cutout. Permanent or renewable 
filters. Manual, pneumatic, or automatic 
electric controls. Capacities 3.33 to 30.0 
k.w. Send for Bulletin 1801. 


ILG ELECTRIC VENTILATING COMPANY 


2879 No. Pulaski Road, Chicago 41, Iil. 
Offices in 57 Principal Cities 
Member of Air Moving and Conditioning Association Inc. (AMCA) 
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Armorlokt Cables are easy to instal! around bends or obstructions, readily accessible for repairs and are avallable for indoor and outdoor applications. 


(iss) Tiger Brand Electrical Wire & Cable 


A standard cable for every special job 


Asbestos Wire and Cable e Varnished Cambric Cable 

Mold-Cured Portable Cord e interlocked Armor Cable 

Shovel & Dredge Cable e Special Purpose Wire & Cable 

Paper & Lead Cable e Aerial, Underground and 
Submarine Cable 
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You can install (ss) Armorlokt in half the time — at half the cost 


Take a close look at the main illustration. With Tiger 
Brand Armorlokt Interlocked Cable, it’s a simple job 
to run power and light lines around a steel beam. We 
know, from experience on other jobs, that a conduit 
system would require about twice as much time to in- 
stall. It would probably have required larger size cable, 
because of the higher voltage drop . . . and it would 
cost about twice as much! 

Greater current-carrying capacity. For a given con- 
ductor size, Armorlokt will have a higher current ca- 
pacity than three single conductor cables pulled into 
a steel conduit. As an example, 500 MCM 3-conductor 
varnished cambric cable with galvanized steel inter- 
locking armor will have a current-carrying capacity 
of 417 amperes with a copper temperature of 85°C. 
Three single conductors of the same size in a steel con- 
duit will have a current-carrying capacity of 380 am- 
peres. Putting it another way, 350 MCM Armorlokt 
might serve, where 500 MCM would otherwise be re- 
quired in conduit ...a big saving in favor of Armorlokt. 
Less material—less space. With Armorlokt, costly pipe 
fitting, bending and pull boxes are eliminated. Instal- 
lation time is cut approximately in half. Space savings 
as high as 55% to 75% over conduit are common. 


Greater layout flexibility. When distribution systems 
are laid out with easily-accessible, readily-traceable 


Armorlokt Cables, it is a simple matter to change ma- 
chinery locations. This might well be a deciding factor 
in industrial plants. 

Ease of maintenance. Armorlokt Cable permits the 
greatest possible ease of maintenance. Cable faults are 
readily located and serviced. If Armorlokt should 
become damaged, you simply insert a splice box. 

USS Tiger Brand Armorlokt Cable is available in volt- 
age ratings from 110 to 15,000 . . . with galvanized, 
stainless steel, aluminum or bronze armor .. . with poly- 
vinyl chloride jackets over the armor for especially 
corrosive applications. For complete facts, write Amer- 
ican Steel & Wire, Dept. 983, 614 Superior Avenue, 
N.W., Cleveland 13, Ohio. 


USS, Tiger Brand and Armorlokt are registered trademarks 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacitic Coast Distributors 
Tennessee Coal & iron Division, Fairfield, Ala., Southern Distributors 
United States Stee! Export Company, Distributors Abroad 
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WHO ELSE 
MAKES 
THIS MANY 
TYPES OF 


CIRCUIT 
BREAKERS ? ~ 


TRI-PACt THERMAL-MAGNETIC 
current-limiting breaker for 100,000-amp faults the industry standard 


NOBODY BUT WESTINGHOUSE! tr'strue! omy 


Westinghouse offers you six complete lines* of circuit breakers—to 








solve six different kinds of circuit protection problems. 

Here’s what that means to you: You don’t have to accept any 
“cure-all” type of breaker for your special applications. You can 
get the right breaker-—designed by Westinghouse to do just that 
special job. 

And these aren’t high-priced “special” breakers. They’re Westinghouse 


*Three of these breaker lines are Westinghouse exclusives!—(Saf-T-Vue,t Ambient-Compensated, MARK 751) tTrade-Mark 





SAF-T-VUE 
see the contacts are open 





AMBIENT-COMPENSATED MARK 75 FRONT-ADJUSTABLE 
for operation in changing ambients 75,000-amp interrupting capacity! change the setting with a screwdriver 


standards—available now in most any frame size, rating or inter- 
rupting capacity-—in literally thousands of combinations. 

We suggest that next time you’ve got a problem involving circuit 
protection, call on Westinghouse. Chances are the answer is already 
in our warehouse. For further information on industry’s only com- 


plete line of circuit breakers, please contact Standard Control Divi- 


sion, Westinghouse Electric Corporation, Beaver, Pa. Or call your 


nearby Westinghouse sales office. 3.30263 


You CAN BE SURE...1F ITS Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS” CBS TV MONDAYS 






































AND NOW... 
WESTINGHOUSE 
GIVES YOU 
NEW 


7 ENCLOSURES 


for industry's only complete line 
of circuit breakers 


New breakers! New enclosures! Both from Westinghouse!! This new 
line of Westinghouse AB-I breakers is designed to hold any of the six 
basic lines of Westinghouse circuit breakers described on the preceding 
two pages. Mark 75—Ambient-Compensated—Tri-Pac—Front- 
Adjustable—Thermal-Magnetic—Saf-T-Vue—any of them! 

It means almost unlimited versatility for your AB-I installations. 
You can get 100,000-amp interrupting capacities, visible contacts, 
ambient compensation...all with this new line of Westinghouse 
AB-I breakers. 

These new enclosures are a cinch to install, too. They’ve got wide 
wiring gutters, well-placed knockouts and side-hinged covers. A neutral 
pad, already drilled and tapped, accepts a complete range of neutral 
bars for easy field installation. 

There’s also an optional safety interlock (see below) that automati- 
cally holds the breaker handle “off’’ when cover is opened. And a new 
trunk latch on the cover for an easy-to-close, dustproof seal. 

Whether you wire these new AB-I’s yourself—or supervise the men 
who do—you’re going to appreciate the time savings and adaptability 
of this all-new AB-I lineup. 

For additional information, please contact your nearby Westinghouse 
sales office or distributor. Or write to: Westinghouse Electric Corpora- 
tion, Standard Control Division, Beaver, Pa. J-30267-R 


You CAN BE SURE...1F i's \ Vestinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" CBS TV MONDAYS 


Westinghouse EXCLUSIVE 
— safety interlock available as low-cost optional! 
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(levelops new motor starters 
“monkey proof” safety features 


Westinghouse NEMA 12 Life-Line combination starters end unauthorized 
tampering, offer greater safety and convenience to service personnel 


Check these six great 
new safety “firsts”... 


. The disconnect is permanently attached to handle. On-Off 
handle is not disengaged by opening the door. 


. Door must be fully closed and sealed before On-Off handle 
will operate disconnect. (See point 5, below.) 


. Operating mechanism can be padlocked to prevent operation. 


. Door opens simply, easily with tool (screwdriver). Cannot 
be opened with bare hands alone. 


. If desired, On-Off handle and disconnect can be operated 
with door opened. To operate, simply depress safety release. 


- Interlock assembly will not allow door to be opened while 
handle is in ON position. Removing spring from assembly 
will permit this if desired. J-30273 


..» plus these extra important features, at no extra cost! 


e NEMA 12 dustproof enclo- e Adjustable tie-rod between fourth overload relays and 
sure meets all JIC and other handle and disconnect to excess capacity transformer. 
heavy industry specifications. allow either switch or circuit ¢ Auxiliary contacts can be 

Molded nylon handle for in- breaker. field mounted in Visi-Flex* 

creased impact strength. e Available in four standard disconnect switch. 


. - . j aC z y 
Provision for padlocking door sizes, from | through 4. e All parts and complete panel 


and handle. e Adequate internal wiring removable from front. 


Tilted top to drain liquids apnes. ¢ Components available for 


away from door seal. e Extra space for third and custom panel construction 


Call your local Westinghouse representative or distributor now, or write 


Westinghouse Electric Corporation, Standard Control Division, Beaver, Pa. 
*Trade-Mark 


YoU CAN BE SURE...IF ns Westi nghou SC 


WATCH “‘WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS” CBS TV MONDAYS 








ANHYDREX — Simplex ANHYDREX insulation, with over 


thirty years of success behind it, is universally accepted 
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as a truly “all-purpose” insulation, 


CATALOGUE 71028 
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ANHYDROPRENE — Simplex ANHYDROPRENE Cables are 
designed for economical installation in ducts, conduits, 
racks, trays and raceways, Stock sizes AWG 14 to 1000 
MCM are recommended for 75 C service in wet or dry 
locations. Other ANHYDREX compounds are available for 
service to 5000 volts with conductor temperatures of 
90 C in wet or dry locations. 

(V.L labels available as appropriate) 





CATALOGUE 71028 


ANHYDREX-NEOPRENE — Simplex ANHYDREX-NEOPRENE 
Cables have the added mechanical protection necessary 
for aerial and direct burial service. Stock sizes AWG 14 
to 1000 MCM are recommended for 75 C service in wet 
or dry locations. Other ANHYDREX compounds are avail- 
able for service to 5000 volts with conductor temperatures 
of 90 C in wet or dry locations. 
(U.L. labels available as appropriate) 

CATALOGUE :1028 
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ANHYDREX-PLASTEX — Simplex ANHYDREX-PLASTEX (AN- 
HYDREX-insulated, PLASTEX-jacketed) Cables are scientif- 
ically designed for compatibility between insulation and 
jacket, and for perfectly balanced performance in ducts, 
conduits, aerial and direct burial installations. ANHYDREX. 
PLASTEX Cables are recommended for service in a number 
of environments but especially where oils and chemicals 
are a problem. 


CATALOGUE 71028 


ANHYDREX Insulated Control Cables — Simplex ANHYDREX 
Control, Signal and Communication Cables have an ad- 
ditional thickness of appropriately coded neoprene over 
each individual conductor, plus heavy-duty neoprene 
jackets. ANHYDREX insulation provides excellent signal 
reproduction and is exceptionally stable, even when 
operating with high ambient temperatures. 


CATALOGUE :1028 


ANHYDREX XX — Simplex ANHYDREX XX is a butyl-based 
insulation of the highest possible quality. Because of its 
exceptional resistance to heat and ozone, it has general 
applications in circuits operating up to 35,000 volts, 
with permissible conductor temperatures of 90 C. to 
5KV, and 85 C to 17KV — in wet or dry locations. 


CATALOGUE 1023 


CONDEX — Simplex CONDEX Cables are protected against 
mechanical damage by interlocked metallic armor. The 
armor is manufactured of galvanized steel, plain or baked 
enameled (colored) aluminum, bronze or other metals, and 
can be applied over any cable core within a very wide diam- 
eter range. CONDEX Cables may be further protected by 
a thermoplastic covering over or under the metallic armor. 


CATALOGUE 41024 


metmmresnrwet 


' 


PRODUCTS GUIDE 








ek A em ere 


TIREX $O and $JO Cords — TIREX SO and SJO Cords are 
constructed to meet the most rigid specifications. All of 
their special features are carefully selected and processed 
to give maximum qualifications for portable service. They 
will twist without kinking, and bend without breaking. 
TIREX stranding affords maximum flexibility without sacri- 
ficing strength 
Conductor temperature rating 75¢ 

CATALOGUE :992 
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TIREX Low Voltage Portable Cables — TIREX Low Voltage 
Cables are individually designed for specific applications. 
They are practically indestructible when used to do the 
work for which they are intended. 


Conductor temperature rating 75¢ 
CATALOGUES 7992 & 51011 


TIREX High Voltage Portable Cables — TIREX High Voltage 
Portable Cables have unequaled strength and versatility. 
Designed primarily to transmit energy to mobile electrical 
equipment, they are also used as temporary power lines 
during alterations or emergency repairs. 


Conductor temperature rating 75c 
CATALOGUE -1012 


TIREX Mine Locomotive Cables — TIREX Mine Locomotive 
Cables — both single and two-conductor concentric — are 
approved by the Bureau of Mines and have the raised mark- 
ing “P-101 BM” on their heavy-duty neoprene jackets. All 
TIREX Cables are cured and conditioned for service in lead. 


Conductor temperature rating 75c 
CATALOGUE -1012 


TIREX Mining Machine and Shuttle Car Cables — TIREX 
Mining Machine and Shuttle Car Cables are designed for 
stability under today's rigorous mining conditions, The in- 
sulated conductors are “ribbed” or gear-shaped. This fea- 
ture causes them to interlock with the heavy duty neoprene 
jacket and prevents them from slipping. Both Type W and 
Type G have “P-101 BM” molded onto the jacket. 


Conductor temperature rating 75c 
CATALOGUE 7101¢ 


TIREX Dredge and Shovel Cables — TIREX Dredge and 
Shovel Cables are masterpieces of engineering achieve- 
ment. Every consideration has been given to safety and 
durability. Simplex special cured-in-lead neoprene armor 
effectively resists all the elements normally encountered 
in this type of work. 


Conductor temperature rating 75c 
CATALOGUE 71017 


TIREX Welding Cables —TIREX Welding Cables are scien- 
tifically stranded for maximum flexibility without wrist 
drag. Cured-in-lead neoprene jackets provide utmost safety 
for both operator and bystanders. 
Conductor temperature rating 75c 

CATALOGUE £1011 
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Simplex Paper Insulated Cables — Simplex Paper Insulat- 
ed Cables are individually designed for specific jobs. They 
are available as either single or multiple conductor cables. 
The stranding may be round, segmental, sector or com- 
pact. Lead sheaths, reinforced neoprene jackets, or com- 
binations of these are available for protection against 
moisture. 


Simplex Polyethylene Insulated Cables — The versatility of 
Simplex Polyethylene has increased tremendously during 
the last ten years. Research has adapted it, not only to con- 
trol and communication circuits, but also for power applica- 
tions up to 35,000 volts. Our experience in this specialized 
field is unmatched by any other cable manufacturer. 


Simplex SIMCONEX Insulation — SIMCONEX (Simplex 
silicone) Insulated Cables are specially designed for 
service where unusually high operating temperatures pre- 
vail. SIMCONEX may be specified on all types of power, 
control, and communication cables. It is practically im- 
mune to ozone and corona and, with its minimum temp- 
erature rating of 125 C, it has the greatest resistance to 
heat of any known thermosetting insulation. 


CATALOGUE £1032 


Diesel Locomotive Cables — Diesel Locomotive Cables are 
specially insulated and jacketed for 90 C service in the 
following applications: generator leads, motor leads, power 
jumpers, control jumpers, lighting systems, headlight wire, 
controller wiring, and cab signal wire, Highly flexible 
stranding promotes easy installation, 


Antimicrephonic Cables — Simplex Antimicrophonic Cables 
are adaptable wherever extremely fine measurements are 
to be made. They will not produce spurious voltages when 
compressed, deformed or subjected to violent shock. Can 
be manufactured with a varying number of conductors and 
conductor sizes, 


Bore Hole and Shaft Cables — Bore Hole and Shaft Cables 
are generally insulated with Simplex ANHYDREX moisture- 
resistant insulation. Mechanical protection is provided by 
galvanized or stainless steel, copper, copperweld or other 
appropriate round wire armor, PLASTEX jackets may be 
specified over or under the wire armor, 


PLASTEX Apparatus Wire — Simplex PLASTEX Apparatus 
Wire — for machine tool, switchboard wiring and other 
similar applications. Simplex PLASTEX is available to meet 
a wide range of operating temperatures. 








Please address requests to the Simplex 
home office in Cambridge or to your 
nearest Simplex district office. 


C-4-X Sheaths — Simplex C-L-X is a continuously corru- 
gated, pliable, lightweight, exterior metallic cable sheath 
which is impervious to gases, chemicals, and water. Its 
unique construction makes it adaptable to nearly all en- 
vironments or services and gives it a combination of prop- 
erties unmatched by any cable system now manufactured. 
C-L-X is appropriately called ‘the metallic duct with built- 


in cable.” 
CATALOGUE 71031 


ANHYDREX Submarine Cables — Simplex ANHYDREX Sub- 
marine Cables for power, control and communication cir- 
cuits are designed from experience dating back to 1920. 
(The moisture resistance of ANHYDREX made possible the 
first nonleaded submarine cables.) High tensile strength 


armor wires of steel or other appropriate metals provide 
the best possible mechanical protection. 

Self-Supporting Aerial Cables — Simplex Self-Supporting 
Aerial Cables for power, control and communication cir. 
Cuits practically eliminate the necessity of tree trimming, 
They are completely assembled at the factory and ready 
for installation. Because of this, they are extremely easy 


to handle and cut installation cost to a fraction of what it 
would normally be. 


CATALOGUE 71006 


Lead Covered Cables — When a customer's specifications 
demand a lead sheath, Simplex has full facilities for its 
manufacture. A number of high-grade lead alloys are avail- 
able including tellurium, copper bearing and arsenical. 
Recent studies enable Simplex engineers to recommend 
the most appropriate lead sheath alloy for your particular 
application. 


Railroad Signal and Communication Cables — Railroad Sig- 
nal and Communication Cables may be insulated with 
either ANHYDREX or Polyethylene, with mechanical protec- 
tion, according to individual needs. Bronze tapes are 
usually provided in direct burial constructions, 


Cathodic Protection Cables — Cathodic Protection Cables 
are used to equalize voltage potential between metallic 
structures and the earth. Simplex ANHYDREX or Polyethyl- 
ene insulations may be specified with complete confidence. 


CATALOGUE £1033 


Simplex Varnished Cambric Cables — Simplex Varnished 
Cambric Cables are particularly suited for station or power 
house wiring, or for any service where the operating tem- 

e perature is high. Between each layer of varnished cambric 
is a plastic filler compound which is nonhardening, and 
nonmigrating. It allows the tapes to slip one upon the 
other without danger of wrinkling. 


BULLETIN £108 





COPE SYSTEMS 


MEET EVERY CABLE DISTRIBUTION REQUIREMENT 


























LADDER and CHANNEL for WIREWAY for Primary Power SYSTEM SUPPORTS 
Support of interlocked Armored and Secondary Distribution and ACCESSORIES 
Cable and Individual Branch Runs Circuits 1 niaeniiiais an 
. & 
© All Cope Systems Feature Exclusive © Simplifies Installation on Any Job— Son fen One mete sg ee. 
Cope Fsn-Sype Senger fe Faster Large or Small wa , Ladder and Channel Systems 
Assembly Without Special Tools e Supports More Cable in Less Space ys 
© Lightweight, Easy to Handle—Choice than Conduit—Over 1,000 Inter- © Complete Line of Sheaves and Cable 
of Hot Dip Galvanized or Aluminum changeable System Components — Rollers Speeds Installation of Cable 
© Fittings Supplied Complete Ready to Straight Sections and Fittings —to 
Go—No Extras to Bother With on the Fit Any Type Layout 


Job Available in Durable Expanded 

© Provides Maximum Installation Flexi- Metal —Lightweight Aluminum or 
bility—For Changes in Width, Direc- Hot Dip Galvanized Steel Con- 
tion, Elevation and Cable Dropouts struction 


© Provides for Easy System Expansion Prompt Delivery Through Nearby 
in Future Wholesalers 


PLUS NEW CONTROLWAY— LOWEST COST SUPPORT FOR LOW VOLTAGE 
CONTROL AND SIGNAL CIRCUITS 


COPE SUPPORTING SYSTEMS AND EQUIPMENT ARE SOLD ONLY THROUGH 
AUTHORIZED COPE ELECTRICAL WHOLESALERS 
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A COMPLETE INTEGRATED LINE OF SUPPORTING SYSTEMS FOR 
ELECTRICAL POWER AND CONTROL CABLES 


COPE SYSTEMS... 
SAVE 3 WAYS 


1 LOWER FIRST COST 


A single run of Cope Wireway or Ladder supports as 
many cables as several runs of conduit. From the start, 
customer material costs are lower . . . space require- 
ments kept to a minimum. 


D LoweR INSTALLATION COST 


Strong, yet lightweight, Cope system components are 
easy to handle, quick to install—even in the most 
cramped quarters. Fast, easy connections are made 
with Cope’s exclusive pin-type coupler, while inter- 
changeable Wireway, Ladder and Channel compo- 
nents speed system installation. 


LOWER MAINTENANCE COST 


Easy-to-get-at Cope systems cut maintenance costs, 
too .. . permit ready re-routing of existing cables or 
addition of new cables for future expansion needs. 
Cope supporting systems are available in a variety 
of widths and straight section lengths to fit specific 
layout requirements. 


Originators of First Integrated Line of Cable Supporting Systems: 
WIREWAY « LADDER « CHANNEL « CONTROLWAY 


Division of ROME CABLE CORPORATION 


COLLEGEVILLE, PENNSYLVANIA 
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WIREMOLD surFacE METAL RACEWAYS 


PLUGMOLD® Multi-Outlet Systems 


Cover a wide range of electrical outlet requirements — for 
new construction or rewiring jobs. Mount on any surface... 
walls, work benches, counters, displays, etc. A minimum of 


fittings is required. 


NO.1900 

Furnished three ways: unwired (space outlets as desired); factory-wired 
sections (for short runs); and prewired Snapicoil (outlets on various 
centers). 


NO.2000 


One size raceway accepts three types of outlets—2-wire NEMA grounded 
and 2- and 3-wire duplex. Furnished either as pre-wired Snapicoil (out- 
lets 30” or 60” on centers), or factory-wired sections with closer spaced 
outlets (for short runs). 


NO.2100 p p 
itl = 


Furnished unwired (space outlets as desired). Receptacles available in- 
clude 2-wire, 2- and 3-wire grounded, lumiline single, midget twistlock, 
3-wire polarized, 3-wire polarized grounded, and T-slot. 














NO.2200 


A combination multi-outlet system, wiring raceway and steel baseboard. 
Same receptacles as No. 2000. Furnished os pre-wired Snapicoil (same 
as No, 2000). 


NO.3000 

















Any standard device designed for a single gang box can be installed 
wherever needed within the raceway. Standard flush plates are used. 


CAPACITY (for wire types T, TW, RU) 

CONDUCTOR SIZE 
NO. NO. | NO. 
PLUGMOLD 





NO. 1900 with devices - - 


no devices oo _ 





NO. 2000 with devices _ - 


no devices _ - 





NO. 2100 with devices: consult Wiremold Catalog 
5 8 10 


no devices 





NO. with devices 
no devices 


7 10 
8 10 


3 

5 
NO. with devices 8 10 10 
no devices 10 10 10 























WIREMOLD® Surface Wiring Raceways 


Used along ceilings and walls — to modernize existing wir- 
ing, or complete new wiring from panel box to outlets. A 
minimum of fittings is needed. Four sizes; furnished as one- 
piece raceways. 


NO.200 NO.500 NO.700 
ny 4 yy. 
GF Ck Gh 


CAPACITY (for wire types T, TW, RU) 
CONDUCTOR SIZE 
WIREMOLD NO. 6 NO. 8 





NO. 200 - - 





NO. 500 





NO. 














NO. 








Strong, flat overfloor raceways to carry power and light and 
communications wiring to locations away from walls. Quickly 
installed without channeling into floors. A minimum of fit- 


tings is needed. 
Se 





CAPACITY 
CONDUCTOR SIZE: J NO. 8 | NO. 10 | NO. 12 | NO. 14 
wire types T, TW, RU | 4 | +4 | 6 | 8 
NO.2600 (not shown) 
CAPACITY: two 26-pair telephone cables. 





TELE-POWER Duct Systems 


el Plugmold Raceways — 


Consist of a pair hore er-office communi- 


one for telephone st nal and int 
’ 9 
cations wiring; the other a multi outlet system for 


iri each raceway has 
ae - tele we ated contractor oF ye 
7 ee Her needs only install or — hes 
— ie wiring that concerns him. The pha 
roamed wiring are not exposed to eac 
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CHESTER CABLE --- PLASTICOTE 


PLASTICOTE® INSULATED AND JACKETED 


Of all cable products, Control Cable has the greatest responsibility in safeguarding life and property .. . 
for on its unfailing function rests the immediate response to fire alarms, the constant operation of power 
station control circuits, the quick action of police and day-after-day traffic control. Chester’s light weight, 
unusually pliable and highly resistant Plasticote insulated and jacketed Control Cable meets the strict 
Industry Standard specifications for all of these vital services. At the same time, Chester solves cost prob- 
lems, too, with long life, trouble-free cable for direct earth burial, overhead and flexible 
lines in building installations. In many cases, physical and electrical properties exceed 
those of other types of insulation. Careful attention to all these needs, vital to service and 
installation, makes Chester Plasticote Control Cable a preferred brand for municipal 
services . . . for power station and supervisory circuits . . . for flexible or extension connec- 
tions. Electrical men know that Chester cable is custom engineered for the END result! 


CHESTER CABLE CORP., CHESTER, NEW YORK 


A SUBSIDIARY OF MIAMI COPPER COMPANY 


Complete data on 

Chester Control Cable is 
* available on request. 

and Ask for Bulletin No. ECC-1 


LAG 











Specify Chester Wire and Cable For Al/ Your Electrical Equipment Needs 
Control Cable + Bus Drop Cable + Service Cord + Safety Control Wire + Thermostat Cable + Underground Feeder 
Cable + Bell Wire + Machine Tool Wire + Armored Bushed Cable + Building Wire + TV Lead-in + Train Wire + Ignition Cable 
Flexible Conduit + Bare Copper Wire + Service Entrance Cable + Mine Service Wire & Cable * Hook-up Wire + Telephone Wire 
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"factory-attached, flush coupling L\ noadditionalcost! 


New ORANGEBURG Gi CONDUIT 
with Flush Coupling Attached! 


With no separate couplings to handle or attach on the job, 
Orangeburg CA lays faster, costs less to install. Each long, 
light length has a flush coupling attached at one end and a 
standard 2° male taper at the other end, making installation 
a simple, one-step operation. And, since the coupling is 
attached, there are no coupling cartons to warehouse or 
carry to the job. 


What's more, with the coupling flush to the conduit’s out- 
side wall, new CA is easy to stack, store and handle. The 
flush coupling also eliminates “staggered” joints in the trench. 
And that means real savings in cutting and tooling time. 


Like the hundreds of millions of feet of Orangeburg fibre 


,conduit in use since 1893, new CA has self-sealing joints 


and impermeable walls. Its smooth, 100% fibre raceway 
adds years to cable life. 

New Orangeburg CA is available in 2”, 3”, 4”, 4%” and 5” 
sizes. Orangeburg Standard and Nocrete Conduit, with 
separate sleeve couplings, are available as always. Write 


Dept. EC-59 for Catalog 52. 


ORANGEBURG MANUFACTURING CO. 
Orangeburg, New York . Newark, California 
A Division of The Flintkote Company, Manufacturers 
of America’s Broadest Line of Building Products 


Orangeburg Fibre Conduit is distributed by Graybar Electric Co. and General Electric Supply Co. with branches and stocks in principal cities. 
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ROCK-BOTTOM INSTAL- 
LATION COSTS. .. specify 
Gedney. Machined and 
threaded with utmost accu- 
racy...smooth-finished, with 
no metal particles or burrs 
... made of the best malle- 
able iron to eliminate break- 
age... individually inspected 
to insure absolute top qual- 
ity. For today’s lowest in- 
stallation cost... . specify 
Gedney! 


GEDNEY 


TOPS THEM ALL! 


...in malleable iron quality 
...in accurate machining 
— smooth-fitting threading 


LIQUID-TITE CONNECTORS 


The most dependable liquid-tight connec- 
tors available today. For use with ‘‘SEAL- 
TITE’’ and equivalent Liquid-Tite Flexible 
Conduit. Designed to give wiring abso- 
lutely dependable protection against water 
and oil. Built for lifetime service. Avail- 


able in sizes 7 to 2”... straight... 465° 


and 90°. 





ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


90° CORNER ELLS 
Top-quality Malleable Iron, cadmium 
plated. Fitted with gasketed cover. 
Both ends female. Available in a full 
range of sizes from '4” to 2”. 


Oe tale a, 
‘thang * 


GEDNEY FITTINGS FIT 


90° CORNER ADAPTERS 
Top-quality Malleable Iron, cadmium 
plated. Fitted with gasketed cover. 
One end male, one end female. In 
sizes from 4” to 2”. 





GEDNEY 


ELECTRIC COMPANY 


Foundry, Factory and Shipping Point: Terryville, Conn. 


RKO BLDG., RADIO CITY, NEW YORK 20 
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For cable ways — the 28 Ss 


Along today’s modern highways easy-to-handle J-M Transite 
Ducts provide installation economies and years of service life, 
protecting traffic-signal, lighting, and other power-service circuits. 


J-M Transite® Ducts install fast to last... 
give complete cable protection. 


Because speed and economy set the 
pace in today’: highway programs, more 
and more highway cables are going into 
Johns-Manville Transite Ducts. 

For speed, Johns-Manville Transite 
Ducts are strong, light and long—easy 
to handle and install. Workmen set 
10-foot lengths in place easily, join them 
up tight in seconds with snug-fitting 
J-M Plastic Couplings, and Transite’s 
smooth bore is free of burrs and other 
obstructions that may interfere or cause 
damage during pulling of cables. 

For economy, J-M asbestos-cement 


Transite Ducts go in to stay. Non-con- 
ductive Transite is not affected by elec- 
trolysis—resists the corrosive action of 
fills or high-salt soils in permanently 
damp locations. Millions of feet of in- 
stalled Transite Ducts have proved that 
Transite withstands earth loads and 
soil stress ... resists vibration and shock 
from highway traffic. 

Let us send you free Transite Duct 
brochure EL-29A. Write sowssovus 
Johns-Manville, Box 14, New 
York 16, N. Y. In Canada, JM 
Port Credit, Ontario. 


PRODUCTS 


Johns-Manville Asbestos Tran- 


JOHNS-MANVILLE Transite Ducts 
Made of Asbestos-Cement 


J-M Conduit for direct buried banks and exposed runs 
J-M Korduct for concrete banks 


site Ducts can be laid directly in 
trench without concrete envelope 
or other mechanical protection. 
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New GE5451-2 20-amp a-c switch, only '%,” at deepest point, relieves crowding of wires. 


Shallow 20-ampere, 277-volt 
G-E switch leaves more room for wiring 


Call your General Electric distributor today! 


You’ll like the extra room this new General Electric 
a-c switch gives you in the box. It’s Specification 
Grade, and listed by Underwriters’ Laboratories, 
Inc. for 20A—277V, yet is considerably shallower 
than other heavy duty types. Provides easier instal- 
lation . . . insulated terminals prevent grounds or 
shorts. 

You get other G-E features too: silver contacts — 
screwless Pressure-Lock* terminals — 7” plaster- 


cleaning mounting screws held captive in the gold 
color strap that identifies a 20A switch. Takes #14, 
12 or 10 Awg wire. 

Your General Electric distributor can give you 
expert advice about the complete line of General 
Electric Wiring Devices for residential, commercial 
and industrial applications. G-E devices provide the 
improved features you need. General Electric Com- 
pany, Wiring Device Department, Providence 7, R. I. 


*Trade-mark of General Electric Company 


Progress /s Our Most Important Product 


GENERAL 


ELECTRIC 


THIS 
way 
PLEASE 








details make the difference 





There are good reasons why so many lighting specs hold firm for this 
newly-redesigned Lightolier corridor unit: ARCHITECTS like the 
smooth line of light from the 4-foot molded styrene diffuser...the 
neat, clean end detail with no exposed screws. OWNERS like the fin- 
ished appearance of Modular Sightron...its easy maintenance...its 
efficient, dependable performance. CONTRACTORS like the new hid- 
den hinges that keep plastics securely in place, eliminate return trips 
...the installation time saved because one diffuser now takes the place 
of two...the maximum profits. Doesn’t it make good sense to recom- 
mend and install commercial lighting by Lightolier? For a 120-PAGE 
CATALOG-BINDER detailing the complete collection, write Dept. EC-59 


LIiGHTOLIER 


ARCHITECTURAL LIGHTING * RESIDENTIAL FIXTURES © PORTABLE LAMPS 
MAIN OFFICE AND FACTORY: JERSEY CITY 5, NEW JERSEY 


These authorized Lightolier distributors can help you get more profitable orders: 


ALABAMA 
Birmingham 

Mayer Elec. Sup. Co 
ARIZONA 

Phoenix 

Brown Wholesale Elec 
CALIFORNIA 

San Francisco 
California Elec. Sup. Co 
COLORADO 

Denver: Central Elec. Sup 
CONNECTICUT 
Bridgeport: 8. M. Tower 
Hartlord 

Beacon Light & Sup. Co 
New Haven 

Grand Light & Sup. Co 
New London 

United Elec. Sup. Co 
Stamford: Marie Co 
DISTRICT OF 
COLUMBIA 

Maurice Elec. Sup. Co 
National Elec. Wholesalers 
0. R. Evans & Bros 
FLORIDA 

Mram: 

Farrey's Whsie. Hdwe. Co 
GEORGIA 

Atlanta: Atianta Lig. Fix 
Noland Co 

ILLINOIS 

Chicago 

Efengee Elec. Sup. Co 
Englewood Elec. Sup 
Hawkins Electric 

Hyland Elec. Sup. Co. 
Wholesale Elec. Sup 
Bigin: Fox Elec. Sup 
Rockford. 

Englewood Elec. Sup. Co 


Springheld 

Springfield Elec. Sup. 
INDIANA 

Pt. Wayne 
Mossman-Yarnelle Co 
Gary 

Englewood Elec. Sup. Co 
So. Bend 

Englewood Elec. Sup. Co. 
IOWA 

Des Mormes 

Weston Lighting Co 
KANSAS 

Kansas City 

W. T. Foley Elec. Co 
KENTUCKY 

Paducah: Ohio Valley Sup 
LOUISIANA 

Baton Rouge 

Electrical Wholesalers 
New Orleans 
interstate Elec. Co 
MAINE 

Bangor: Standard Elec. Co 
Portland 

Holmes Elec. Supply Co 
MARYLAND 
Baltimore 

Excello Public Serv. Corp 
MASSACHUSETTS 
Boston 

Mass. Gas & Elec. Light Co 
Henry L. Wolfers inc 
Fitchburg 

Service Elec. Sup. Co. 
Pittsfield: Cart Supply 
Springfield 

Eastern Elec. Sup 
Worcester 

Atlantic Elec. Sup 
Benjamin Elec. Sup 


ELECTRICAL 


MICHIGAN 

Detrou: 

Madison Elec. Co 

Michigan Chandelier Co 

Flint: Royalite Co. 

Grand Rapids: 

Purchase Elec. Sup. Co 
ontiac: 

Standard Elec. Co 

Saginaw: Standard Elec. 
MINNESOTA 

Duluth: 

Northern Elec. Sup. Co 

Minneapolis 

Charles A. Anderson & Co 

Northiand Elec. Sup. Co 

St. Paul: Lax Elec. Co 

MISSOURI 

St. Lowis: M. K. Clark 

NEBRASKA 

Omaha 

Electric Fix. & Sup. Co. 
JEVADA 


by 


eno: 
Western Elec. Dists. Co. 
NEW HAMPSHIRE 
Portsmouth: 
Mass. Gas & Elec. Light Co 
NEW JERSEY 
Atlantic City 
Franklin Elec. Sup. Co. 
Camden 
Camden Elec. Fix. Co 
NEW MEXICO 
Albuquerque 
Albuquerque Dist. Co 
NEW YORK 
Albany 
Havens Elec. Co. inc 
Binghamton: 
Freije Elec. Sup. Co. 


fialo: 
Buffalo incan. Light Co. Inc. 


CONSTRUCTION AND 


Niagara Falls: 

Hysen Sup. Co. 
Poughkeepsie: 

Electra Sup. Co. 
Rochester: 

Rowe Electric Sup. Co 
Syracuse: Superior Elec. 


NORTH CAROLINA 
Charlotte: 

independent Elec. Sup. 
Durbam: Noland Co 
Greensboro: 

Elec. Sup. & Equip. Co. 
Kinston: Kinston Elec. 
Winston-Salem 

Noland Co. 


OHIO 

Akron 

The Sacks Elec. Sup. Co 
Canton: The Electric Sales 
Cincinnati: B. & B. Elec 
F. 0. Lawrence Electric Co. 
Cleveland: H. Leff Electric 
Columbus: 

Elgee Elec. Co 

The Loeb Elec. Co 
Dayton: 

Dueliman Elec. Co 

Toledo: Gross Elec 
Youngstown: 

Mart Industries 


OKLAHOMA 

Tulsa: Lawson Elec. Co 
PENNSYLVANIA 
Allentown: 

Coleman Elec. Co 

Erie: Kraus Elec. Co 
Harrisburg: 
Fluorescent Sup. Co. 
Hazleton: 

Power Elec. Co. Inc. 


MAINTENANCE 


New Castle: 
Midwestern Elec. Co 
Philadelphia: 

Ace Lighting Fix. Co 
Gold Seal Elec. Sup. Co. 
Syivan Elec. Fix. Co 
Pittsburgh: 

Allied Elec. Sup. Co. 
Argo-Lite Studios 
Doubleday-Hill Elec. Co. 
Wally Elec. Sup. Co 
Reading: ColemanElec.Co 
Scranton: Lewis & Reif 
W ilkes-Barre 
Anthracite Elec. Sup. Co. 
RHODE ISLAND 
Pawtucket 

Major Elec. Sup. Co 
Providence: 

Leavitt Colson Co 
SOUTH CAROLINA 
Anderson: 

Sullivan Hdwe. Co. 
Columbia: 

Capitol Elec. Sup. Co 
Noland Co 

Greenville: 

Sullivan Hdwe. Co 
SOUTH DAKOTA 
W atertown: 

J. H. Larson Elec. Co 
TENNESSEE 
Jobuson City 
Nashville: 
Nashville Elec. Sup. Co 
TEXAS 

Dalias: Rogers Elec. Sup 
Ft. Worth: 

Anderson Fixture Co 
Houston 

Marlin Associates 


Noland Co 
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San Antonio: 
Southern Equip. Co. 
VIRGINIA 
Arlington: Dominion 
Elec. Sup. Co. Inc 
Noland Co 

Lynchburg: 

Mid State Elec. Sup. Inc. 
Norfolk: Noland Co. 
Rosslyn: Noland Co 
WEST VIRGINIA 
Charleston: 

Goldfarb Elec. Sup. Co. 
Virginian Electric Inc. 
Huntington: 

West Virginia Elec. Co 
W beeling: The Front Co 
WISCONSIN 
Appleton: 

Moe Northern Co 

Eau Claire: 

W. H. Hobbs Sup. Co. 
La Crosse: 

W. A. Roosevelt Co. 
Milwaukee: 

Lappin Elec. Co 
Standard Elec. Sup. 
WASHINGTON 


Seattle: 

Seattle Lighting Fix. Co. 
ALASKA—Anchorage: 
Northern Supply Co. 
CANADA 

Montreal 

The Gray Elec. Co. 
Toronto: 

Revere Elec. Dist 
Toronto Elec. Sup. Co. 
HAWAII 

Honolulu 


Hawaiian Light. & Sup. Co 





New GE4034-2 outlet fits standard wall plates. Plate shown is from new G-E Decorator Series. 


4-plug outlet provides 
twice the outlets in same space 


Call your General Electric distributor today! 


Look close, and you’ll see two pairs of contact slots 
in each face of this new G-E outlet. It accommodates 
up to four flat attachment caps — yet fits in the 
same space and uses the same wall plate as a con- 
ventional double outlet. 

The G-E 4-Plug Outlet is valuable wherever lamps 
radios, electric blankets, etc., are likely to be con- 
centrated, because it assures plenty of neat connec- 
tions — prevents the build-up of “‘octopus” appear- 


ance. Screwless Pressure-Lock* terminals and 7%” 
captive mounting screws save installation time. Has 
double-wipe contacts. Listed by U. L., meets Federal 
and R.E.A. specifications. 

Ask your General Electric distributor for devices 
that provide the new features you’ve been looking 
for. General Electric Company, Wiring Device 
Department, Providence 7, Rhode Island. 


*Trade-mark of General Electric Company 
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Porter Vinyl Tape has been tested to meet the tough 
Westinghouse specification for use in new refrigerator- 


® freezer combinations, and has received unqualified 
(Za VINYL TAPE approval on every point. 


Westinghouse rated tapes on the following points: 
Breaking strength « Adhesion « Low- and high- 
temperature properties « Staining « Moisture-resist- 
ance « Elongation « Odor « Dielectric strength « 
Effect on polystyrene—and Porter met the spec’s 
on every count! 






Special new winding and slitting techniques keep 

262 Porter Vinyl Tape from telescoping on the roll, and 
U n q ualif i ed approval help save space in tight spots where compact winding 
is essential. Another feature is its self-extinguishing 


by Westinghouse property—it will not support combustion. 
: ° a Get complete information by writing Thermoid 
Refrigeration Division! Division , ‘ 


. K. Porter Company, Inc., Tacony & 
Comly Sts., Philadelphia 24, Pa. 








78 dis 
» + 


hi 1!) HK. PORTER COMPANY, INC. 
Git 


Ke.» 


THERMOID DIVISION 


oie 

PORTER SERVES INDUSTRY : with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories— REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL 

DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION: and in Canada, Refractories, “Disston” 
Tools, “Federal” Wires and Cables, “Nepcoduct’’ Systems—H. K. PORTER COMPANY (CANADA) LTD 
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GE7604-2 switch and grounding outlet combination instalis as single unit, fits double outlet plate. 


Combination line devices with 
Pressure-Lock* terminals save time, cost less 


Call your General Electric distributor today ! 


Install two devices as quickly as one! Each G-E 
Combination Line device contains two devices, pre- 
assembled in one housing, to fit standard double 
outlet plates. Two-switch, switch-outlet, switch- 
grounding outlet and switch-pilot light combinations 
come ready to install. Listed by Underwriters’ Lab- 
oratories, Inc., meet Federal and REA specifications. 

You save time with the General Electric Combina- 
tion Line because internal jumper connections have 


been factory-made — and because screwless Pres- 
sure-Lock terminals and other features cut down 
the work that’s necessary on the job... making time 
for more jobs. 

Courteous General Electric distributor personnel 
will gladly show you how new ideas in dependable 
wiring devices will save you time and trouble... 
bring extra profit to you. General Electric Company, 
Wiring Device Department, Providence 7, R. I. 


*Trade-mark of General Electric Company 
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Amazingly quiet, efficient transformers for power, 
distribution and specialty use — perfect installation 
for: HOSPITALS, SCHOOLS, LIBRARIES, CHURCHES, 
OFFICE AND PUBLIC BUILDINGS, THEATERS, etc. 
where noise must be eliminated! 





i ew. 


. Free valuable space 
for profitable, 
productive use 


Eliminates costly 
voltage drops and 
power losses 


- 


improves interior 
appearance 


Decentralizes 
power source 


Reduces size of 
required feeders 


Cuts cos? of 
material and lebor 


Provides greater 
amount of electrical 
energy per unit cost 


ee 


EXPANDED METAL GRILLS 
ON FRONT PANEL 
Mttractive yet functionally de 


entilation and coc 































“HUSH-FLUSH” 


DRY-TYPE TRANSFORMER 


NOW... 


reduce the size, cost and labor for 
feeders from remote power sources 
Have economical electric energy at 
your most convenient locations, with- 
out noise or visible installations, in 
formerly unusable space 





COMPACT, FULL ACCESSIBLE installa- 
tion, needs only finish plastering before 
panel is secured on face. 


WHAT MAKES 
“HUSH-FLUSH" 


so whisper - QUIET? 

Unusual design and rigid construction 
provide noiseless, vibration-free opera- 
tion. The complete lining of sound-proof- 


ing material within the cabinet assures 
new quiet, never before possible. 


WHY 
IT PAYS TO SPECIFY 
PRECISION 


Check these quality details! 























: @ Emergency Overload Capacity @ Provides 
Type Size Dimensions in inches long Lasting Economical Service @ Class B 
. Insulation throughout @ Structural Steel welded 
Cabinet construction @ Low-density Cores @ Mullti- 
Phase KVA Hgh. Wth. Dph. Cycle Vacuum-Impregnated Windings @ Lam- 
ination Interleaving @ Final Mica-Bond Emul- 
7 39% | 20% 18% in Sp 
single [8 [om [Te] (NER RRR ARBAB RRR ARYA 
15 


























10 29% 16% 4 “HUSH-FLUSH” transformers incor- 
7% porate the same high standards 
45 of quality, material and workman- 
30 33 28% 18 ship that enable Precision to pro- 
vide the industry's only 
Three 15 
9 29 22% 4% 5-YEAR 
Mr 2 ek ee GUARANTEE 








ARRRRRRRRAK 


Write for information on PTC's Complete Line of Air-Cooled and Liquid-Filled Transformers 


BT 


TRANSFORMERS 
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2218 W. 


PRECISION TRANSFORMER CORP. 


DESIGNERS ENGINEERS 
Lake Street ° 


Ree 


MANUFACTURERS 
Chicago 12, 


Illinois 
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In specification grade, intermediate grade, competitive grade, General Electric offers a complete line of up-to-date wiring devices. 


New General Electric devices provide all the 
quality features that you appreciate 


Call your General Electric distributor today! 


Only General Electric gives you so many of the time 
savers and new ideas that you’ve been looking for, 
in a complete line of more than 1500 dependable, 
competitively-priced wiring devices. 

You get easy-to-wire, screwless Pressure-Lock* 
terminals in many types of G-E wiring devices — 
with extra-large holes that accept two wires or a 
loop, for quick carry-through wiring — and a 
release mechanism that works easily. 


You get long, 7%” plaster-cleaning mounting 


screws, held captive in the strap; rigid “through” 
straps that hold alignment; shallow specification 
grade devices that leave more room for wires. 
Your local General Electric distributor will wel- 
come the opportunity to help you select the G-E 
wiring devices that are best for your particular 
needs ... from the finest specification grades to the 
lower-cost competitive grades. General Electric 
Company, Wiring Device Department, Providence 
7, Rhode Island. 


*Trade-mark of General Electric Company 


Progress /s Our Most Important Product 


GENERAL ¢ 


> ELECTRIC 





a) os 
inside 
job! 4 


showing interior. 


L 


To be specific ...it’s the transformer, or the 
heart of the substation, that counts! Yes, when 
the “inside” includes a Sorgel Sound-Rated 
Dry-Type Transformer, you are assured of... 


Extreme Quietness 
M High Efficiency 

WM Overload Capacity 
Full Kva Plus 
Advanced Design 


Improved Safety and 
Protection 


Proved Reliability 


Leading the Industry with Over 40 Years 
of Manufacturing Development 





Complete line for every purpose. Up 
to 10,000 kva, up to 15,000 volts. 
Also Special Transformers, Saturable 
Reactors, and Substations. 


Sorgel Sound-Rated Dry-Type Transformers 
150/200 Kva 3-phase are the most practical to step down 
4160 volt to 480 volt . phe . one : 
drp-tulll Seliiadingiialltadtth high distribution voltage to utilization 


temperature control system voltage at load centers, in every type of 
building, and modernization projects. 


Sales Engineers in Principal Cities. 


+ © RK &» EF i Consult the classified section of your phone directory or write to the factory. 


i 7 
Poets §— Song LieciicCompany 
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Product News 


oy 


(1) 


A new line of 3-phase, general 
purpose transformers, type EPT, 
using thermosetting resin embed- 
ment is being manufactured in 9- 
and 15-kva ratings. The embedment 
material for the 3-phase type EPT, 
as in the single-phase type EP, is 
epoxy resin with electrical grade 
silica sand as filler. Chimneys 
through the resin material between 
the transformer components lessen 
the weight of the unit, permit the 
free flow of cooling air, and can be 
used for cable entrances. Also, the 
entire bottom of the transformer 
case is a terminal chamber with 
knockout for conduit entrance from 
three sides and the bottom. The 
3-phase ratings now available are 
9 and 15 kva in the 5000-volt class 
and below. All have brackets for 
wall mounting and are suitable for 
either indoor or outdoor installa- 
tion. 

We stingh Ouse Electric Corp., 
P. O. Box 2099, Pittsburgh 30, Pa. 


Transformers 


Magnetic Clutch (2) 


A stationary-field magnetic clutch 
has been added to this line. The new 
clutch series, designated EC-S, in- 
cludes five sizes with torque ratings 
ranging from 14 through 290 lb-ft. 
The series will be expanded to in- 
clude a total of 12 ratings by mid- 
1959. A primary advantage of new 
clutch is single-unit construction. 
Clutches are available for standard 
24- or 90-volt de operation. Litera- 
ture is available. 

I-T-E Circuit Breaker Co., 1900 
Hamilton St., Philadelphia 30, Pa. 


(3) 


A shaft-mounted, mechanical 
variable-speed drive is now avail- 
able. It has been designed for vari- 
able speed applications where space 
limitations dictate that the output 
shaft be at right angles to the trans- 
mission. It is especially adaptable 


Variable-Speed Drive 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... 


to applications requiring controlled 
speed in a light-weight and com- 
pact power drive. Available in drip- 
proof or totally enclosed construc- 
tion, these + to 3 hp units feature 
speeds from 360 rpm to 5.2 rpm, 
and speed variations from 2:1 to 
10:1. Speed-Trol Variable-Speed 
Drive Bulletin is available. 

Sterling Electric Motors, Inc., 
5401 Telegraph Rd., Los Angeles 
22, Calif. 


Plastic Conduit 


Conduit, manufactured from a 
new plastic material, is named 
DUR-X conduit. It can be as- 
sembled and laid by one person at 
the ditch in sizes up to 30 ft in 
length. Solvent welded connections 
are made at the site by applying a 
thin layer of cement with a brush. 
Each tier is laid separately, and a 
thin layer of cement poured over 
it. The plastic material is impervi- 
ous to water. It is manufactured 
in 2-, 3- and 4-in. sizes. 

Franklin Plastics, Inc., Franklin, 
Pa. 


(4) 


Lighting Unit (5) 


A new area light, called Wide- 
Lite Juniors, is for use with 100-, 
175- or 250-watt color-corrected 
mercury vapor lamps and 200-watt 
incandescent lamps. They are avail- 
able with or without integrally- 
mounted ballasts. Units are used 
for local lighting in industrial 
plants, loading docks, service sta- 
tions and for all types of protective 
lighting. The heavy-duty cast 
aluminum body of the unit is coated 
with epoxy-base aluminum paint 
for corrosion control. It is dust- 
proof and a special access plate per- 
mits easy relamping without dis- 
turbing the seal of the tempered, 
shock-resistant glass lens. 

Wide-Lite Corp., Houston, Texas. 





A PRODUCT OF STAMPINGS, INC. 





THIS TRENCH IS COSTING 
ONLY 1 CENT PER FOOT 


Unsolicited performance reports from ac- 
tual users state that POW-R-SPADE narrow 
trenches cost only 1 cent to 3 cents per 
foot, including labor. (Many report much 
less than 1 cent per foot.) Digging speed 
varies from 1 ft. to 17 ft. per minute 
depending on soil conditions. POW-R- 
SPADE is light, rugged, with minimum of 
maintenance. Shipped completely assem- 
bled. Neat, fast, professional trenches— 
3 in. wide to 24 in. deep, or 4 in. wide 
to 18 in. deep Send coupon today. 
4 


One man can transport from job to job. 





Stampings, Inc., 3211/2-24th St., Rock Island, Illinois 
Please send material on POW-R-SPADE: 





NAME 





COMPANY 
eS oo ee ee. 


CITY 








~~ STATE 


MAY, 1959 





TAREADS 1 10 4-INGH 
PIPE WITH. 
NO DIE CHANGE! 


Electric Heater 





A new Chromalox electric convec- 
tion heater, type DA, designed for 
floor or wall mounting. Case is 
made of aluminum, finished in grey 
hammertone enamel. All models 
come equipped with combination 
brackets for floor or wall mounting 
and a built-in three heat switch— 
120-volt model is available with 6-ft 
rubber covered cord and plug and is 
free-standing for portable use. 
Heating elements are all metal en- 
closed type. Model DA-15 is rated 
1500 watts at 120 volts; DA-120 
rated 2000 watts and DA-30 rated 
3000 watts, both at 208 or 240 volts. 
All models are 21 ins. high and 8? 
ins. deep; DA-15 and 20 are 243 
ins. long and DA-30 is 333 ins. long. 
Heater is for residential, commer- 
cial and industrial fields. 

Edwin L. Wiegand Co., 7500 
Thomas Blvd., Pittsburgh 8, Pa. 




















Luminaire 


A new series of surface-mounted 
luminaires, called Seulpturama Vi- 
sionaire, is for commercial use. 
wt y. Utilizing curved, low-brightness, il- 
Only °) 2100 | oH. 3 ‘ luminated metal side panels in com- 
bination with Sunlux plastic lens. 
Sculpturama No. 7500 Series is 
VER Send for complete available for two or four rapid start 
soo oo EA —=—catalog and name lamp operation. Continuous row in- 
of nearest distributor stallation is achieved with use of a 
spacer connector. Various diffusers 
\, > are provided with this luminaire for 
>, PIPE 4K O10) Re INC. | specific lighting requirements. All 
’ models in the series incorporate air 
uy =) DANA AVE. space between the ballast mounting 
\ e plate and ceiling, producing maxi- 
WARREN, OHIO | mum thermal insulation. 
Sunbeam Lighting Co., 7 
14th Place, Los Angeles 21, 
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Cover Photo: Ellicott Square, the 
“Pride of Downtown Buffalo” in 
1895, was the world’s largest, most 
modern office building. Moderniza- 
tion, started in 1958, continues in 
1959 with a complete overhaul of the 
building including changing the fa- 
cades. In 1958, electrical moderniza- 
tion was the essential part of the 
job. J-94102-2 
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Before: Main lobby before modern- 
ization. Elevator service was slow 
and costly. “Spotty’’ incandescent 
lamps provided low-level, uneven 
illumination. 


After: Westinghouse automatic ele- 
vators are far faster, provide better 
service, and afford savings of more 
than $50,000 annually. New West- 
inghouse Mainliner fluorescent 
lighting gives even, attractive illu- 
mination, yet costs less per foot- 
candle than the old incandescents. 


Scene in one of the modernized 
office areas shows the new lighting 
with Westinghouse SC luminaires 
and a Westinghouse water cooler, 
foreground. Westinghouse lighting 
has been accepted as the building 
standard in remodeling the offices. 











Electrical contractor helps building owner 
modernize for profits ... electrically 


Contractor-Owner-Westinghouse cooperation on 
60-year-old Ellicott Square in downtown Buffalo 
paid off for everyone. And electrical contractors 
everywhere can use it as a superb example of 
how such modernization Builds Business Elec- 
trically . . . to build business for you, with your 
prospects. Here’s the story: 

In 1955, after years of service, the building 
had become a headache. Elevators were costly 
to operate. Old-fashioned incandescent lighting 
was dim, spotty . . . and costly. Antiquated 
power distribution equipment throughout the 
building was inadequate to carry the loads re- 
quired for such modern necessities as business 
machines and air conditioning . . . and, under 
the inevitable overloads, costly to maintain. 

What was the answer? Tear down the old 
and rebuild on this valuable site? A _ logical 
enough alternative. But, the decision: Modernize 
for profits . . . electrically. 


H. Gilhooly inspects new Westinghouse building-type 
switchboard which houses a DB-100 main circuit breaker 
for incoming power. Westinghouse low-impedance, 
4000-amp bus duct connects new receiving switchgear 
with modernized main distribution switchboard. Note 
provision made at left for addition of future breakers 
when needed. 














After Buffalo Electric Co. submitted a survey 
of the building’s electrical needs, the moderni- 
zation program moved ahead rapidly. The elec- 
trical equipment order was placed in December, 
1957, for delivery schedules to begin in February, 
1958. Westinghouse carefully met the delivery 
dates, which enabled Buffalo Electric to com- 
plete the job on time without undue inconven- 
ience or interruption of office services. Today, 
electric power is more than ample for all tenant 
needs yet the building owner is saving 
substantially on maintenance and repair. 
J-94102-3 


(cont.) 


vou CAN BE SURE...1F ITS 


Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" CBS TY MONDAYS 


Maximum short circuit kva available from the power com- 
pany network loop made many existing circuit breakers 
in this old switchboard inadequate. Edwin Loth, Build- 
ing Superintendent, right, learns from H. Gilhooly how new 
Westinghouse Tri-Pac* breakers will protect against any 
fault conditions possible in the system. Westinghouse 
Tri-Pac breakers can protect against fault conditions up 
to 100,000 amps, asymmetrical. *Trade-Mark 


= 








Karr Parker, Jr., Buffalo Electric Co., Electrical 
Contractors; Daniel F. Hannon, Jr., Building Man- 
ager, Ellicott Square; and Charles T. Hansen, 
Westinghouse Sales Engineer, examine building 
plans in new power machine room now made possible 
by modernization of electrical system. Excellent 
cooperation and planning among Ellicott Square 
management, Buffalo Electric and Westinghouse 
brought about job completion without undue in- 
convenience to tenants or interruption of building 
services. 


Ed Loth inspecting a Westinghouse NPLAB panel- 
board installed in electrical closets on each floor, 
one of 46 panels throughout the building. AB-I 
circuit breaker, shown at right, serves as the main 
breaker on the floor. 


(cont.) 


Life begins at 60... 
thanks to electrical modernization 


Best of all, these modern improvements have made this 
historic building once more a prestige location. Leased 


office space is up . . . and tenants are willing to pay more 
for it. In 1957, a unit of space rented for $186 monthly 

. in 1959, it brings $207 . . . an increase of 11.1%. And 
it’s worth it to the tenants . . . because such modernization 
of surroundings makes employes far more efficient. 

For some eye-opening data on how modernization can 
help you Build Business Electrically, call your Westing- 
house distribution outlet, or write: Westinghouse Electric 
Corporation, Box 868, Pittsburgh 30, Pennsylvania. 


J-94102-4 
Owner: Ellicott Management Co., Buffalo, N. Y 

Electrical Contractor: Buffalo Electric Co., Inc., Buffalo, N. Y. 

Westinghouse Distributor: Buffalo Electric Co., Inc., Buffalo, N. Y 


you CAN BE SURE...iF iTS 


Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" CBS TV MONDAYS 








Luminaire (8) 


A new luminaire designed for 
commercial application of Power 
Groove lamps is called the “Power- 
Lux.” Controlled brightness is 
achieved through the use of para- 
bolic louvers. Two-lamp models, 12 
ins. wide, and 4-lamp models, 36 
ins. wide, are available in 4- and 
8-ft lengths. 

Lighting Products Inc., Highland 
Park, Ill. 


Fittings (9) 


A complete series of flush switch 
fittings, known as “FS” and “FD”. 
They are available in single through 
5-gang styles, all with convenient 
mounting lugs. A full range of hub 
arrangements and conduit sizes are 
available. They are made of cast 
aluminum for light, non-rusting, 
non-corroding service. 

Killark Electric Mfg. Co., Vande- 
venter and Easton, St. Louis 13, Mo. 


Electric Heaters (10) 


Seven newly designed electric 
unit heaters increasing capacity in 
its line from 74 kw to 36 kw have 
been announced. Units. feature 
black-heat type elements which are 
individually replaceable, new safety 
design which eliminates bare wires 
and terminals in the air stream and 
totally enclosed motor with quiet 
“Q” type fan wheel. Units are de- 
signed for office, store and indus- 
trial use and cover a heating range 
to 122,832 Btu. Bulletin 808 is 
available. 

Ilg Electric Ventilating Co., 2850 
N. Pulaski Road, Chicago 41, Jl. 
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DRILL-N-ANCHOR 


a 3 4 IZ SAS y a. y aN 


fasten to 


concrete 


It’s a drill...and drills its own hole fast, even 
in hard concrete, with power-operated or hand 
hammer. Saber-Tooth’s core action drills 
quickly. Drill and anchor are one...matching 
sizes is no problem. Save the cost of special 
drills, the time it takes to use, store and 
sharpen them. 


It's an anchor...and holds fast: engineering 
tests demonstrate holding power up to 17,860 
Ibs. As you drive it into hole, anchor expands 
over plug... holding ridges around body resist 
pull-out. Saber-Tooth anchor withstands severe 
shock and vibration...double plating protects 
against rust, corrosion. 


THE RAWLPLUG COMPANY, INC. 
212 Petersville Road New Rochelle, N.Y. 


Please rush my Saber-Tooth sample and complete facts. 


Name 
Firm. 


Address 


ee ee es es 
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The AMPROBE Jr. gives you so much 
more...not just a run-of-the-mill 
voltage tester but a precision-made 
instrument that measures voltage 
and current instantly and accu- 
rately without shutting down 
equipment. All this with one 
rugged and inexpensive pocket-size 
tool! And now FOR THE 
FIRST TIME...at the request of 
utilities, industrial plants and other 
large-scale users of AMPROBES, 
the AMPROBE Jr. has gone 
SAFETY YELLOW to conform 
with standard safety practices. 


PICK THE AMPROBE YOU NEED! 
There's an Amprobe for every job, 
every budget: from 10 amps and 
250 volts to 1200 amps and 600 volts 
AC; from $19.85 to $67.50. And 
with the Amprobe RS-3, you get a 
volt-amp-ohmmeter all in one 
pocket-sized, snap-around precision 
instrument. Every Amprobe comes 
with test leads; most with top grain 
cowhide leather case at no extra 
cost. See the complete Amprobe 
line at your jobber’s today. 


settle for an 
ordinary 





voltage tester? 


The ordinary 
AMPROBE | voltage 
Junior tester 





Ask yourself these questions 





Does it measure current YES NO 


os well as voltage? 





Does it give you full 
visibility on a graduated 
reading scale? 





Does it fit conveniently 
in your pocket? 





Does it measure within 
3% accuracy? 





Does it come in a full 
line of models to meet 
different problems? 





Does it protect you 
against shorts and shocks? 





Does it balance loads, 
locate grounds, determine 
motor overloads, check 
rating of circuit breakers? 

















Amprobe Jr. 
$1985 


PYRAMID INSTRUMENT CORP., Lynbrook, New York 


; 
Transformers (11) 


A new line of general purpose 
dry-type transformers for commer- 
cial and industrial applications, 
known as the QHT (Quiet, High 
Temperature) line. The transform- 
ers have newly developed silicone 
impregnated insulation, aluminum 
windings, interleaved steel core 
and laminations of cold-rolled sili- 
con, grain-oriented steel for lighter 
weight and efficient operation. 
Available in three types: B (80°C 
rise, 25va through 3 kva, single- 
phase); F (120°C rise, 5 through 
25 kva, single-phase and 3 through 
15 kva, 3-phase); and H (150°C 
rise, 30 kva and above, single and 
3-phase). Units have large ter- 
minal compartments, wiring spaces 
and accessible connections; those 
30 kva and up have rubber “isola- 
tion” pads between case and core 
and coil assemblies. All have easy- 
to-install mounting and lifting ac- 
cessories. Standard distribution 
voltages are 600, 480 and 240; load 
voltages, 480, 240 and 120. 

General Electric Company, 
Schenectady 5, N. Y. 


Lighting Fixture (12) 


A newly developed SDLO series 
of semi-indirect, low-maintenance 
open-top fluorescent fixtures has 
been announced. This series comes 
in 24-, 48-, 72- and 96-in. lengths; 
available in 2-, 3- and 4-lamp, rapid 
start and slimline. They can be in- 
stalled either singly or in rows. 

Leadlight Fixture Co., 800-100th 
Ave., Oakland, Calif. 
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Motors (13) 


A new line of de motors, called 
Flexitorg, are available in ratings 
of 1 to 200 hp, in drip-proof and 
drip-proof guarded enclosures. They 
are designed to supply constant or 
adjustable speed for driving ma- 
chine tools, metal rolling, drawing 
or forming machines, cranes, hoists, 
conveyors, etc. A new Class B in- 
sulation is used throughout, permit- 
ting intermittent high overloads. 
The new line also includes Flexi- 
torq generators in ratings of } to 
170 kw. Bulletin 3150 is available. 

Louis Allis Co., Milwaukee 1, Wis. 


— Nae 


Te 


Heaters (14) 


A new line of electric cabinet 
heaters including two blow-through 
units with direct-drive fan assem- 
blies and a draw through model 
with V-belt-driven fan assembly. 
Units are available for floor, ceiling, 
wall or inverted mounting, and can 
be non-recessed, semi-recessed or 
concealed as desired. Units feature 
non-glowing finned strip elements 
individually housed in steel closers. 
Wiring is enclosed in flexible me- 
tallic conduit throughout. Three 
types of control are available with 
the new Series AE heaters: manual, 
pneumatic and automatic heaters. 
Bulletin 1801 is available. 

Ilg Electric Ventilating Co., 2850 
N. Pulaski Road, Chicago 41, Ill. 


Capacitor (15) 


A new 5-kv, 3-phase, 100-kvar ca- 
pacitor to improve power factor, re- 
lieve overhead transmission lines 
and improve voltage level. Since 
the 100-kvar, 3-phase capacitor can 
be applied with single-crossarm, 
double-crossarm, or direct pole- 
mounting bracket, 3-phase primary 
banks can be furnished with 3-phase 
4160-volt units using simple-mount- 
ing supports. 

Westinghouse Electric Corp., 
P. O. Box 2099, Pittsburgh 30, Pa. 


THIS IS MAINTENANCE 




















WITH Sewistafe— 


BRACKET UNITS! 





Servicing wall or pole-mounted luminaires at ground level 
is the most practical method because it is the safest, fastest 
and most economical. With “Servisafe’’ Bracket Units, one 
man can relamp and clean luminaires within minutes in any 
kind of weather. There are no climbing or electrical dangers. 
And no costly auxiliary equipment is required. 

“Servisafe” Bracket Units can be used for new installations 
or quick conversion of existing facilities. Supplied as complete 
packages ready for wiring and erecting, they can be mounted 
on walls, wood poles and other structures to provide year- 
round lighting efficiency with minimum main- 

tenance cost. 





FOR DETAILS AND SPECIFICATIONS, 
WRITE FOR BROCHURE PWB-59. 


THE THOMPSON ELECTRIC CO. 


P. O. BOX 873-D, CLEVELAND 22, OHIO 
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CONTIN NAL ASBESTOS-INSULATED 


POWER GABL 


TYPE AVA TO 5000 VOLT 
SERVICE available sizes: 14 
AWG to 1,000,000 CM inclu- 
sive. Conforms to N.E. code 
standard and NEMA standard 
WCI-1955 and ASA C8.-36 
1955 


Engineered insulated wire and cable from Continental Wire 
assures maximum Job-Dependability. 


Type AVA Power Cable is recommended for use in open 
or in conduit installations where advantages of excellent 
current carrying capacity and resistance to high tempera- 
ture are desired...and where operating conditions in- 
clude oil, grease, corrosive vapors or moisture. 


There's a complete line of Continental Insulated Power 
Cable in sizes 14 AWG to 1,000,000 CM inclusive... 
insulation types include AVA...AIA...V...AVB... Sili- 
cone Rubber... Glass... Teflon Tape ...and Varnished 
Glass Tape. 


For more information write Continental, Wallingford. 


Cor2fs22€e2724fal 
WwZzzre corporation 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 








Fluorescent Fixture (16) 


A new series of fluorescent light- 
ing fixtures designed for pendant 
or close-ceiling suspension and also 
suitable for surface mounting, 
called the “Classic” line. The fix- 
tures, 3 ins. deep, are particularly 
suitable for general and private 
offices, conference rooms, and retail 
stores. They are available in 2- and 
4-lamp models and in 4- and 8-ft 
lengths. 

Sylvania Lighting Products, a 
div. of Sylvania Electric Products 
Inc., Wheeling, W. Va. 


Sign Light (17) 


Glare-free sign illumination with- 
out obstruction of the sign’s mes- 
sage is provided by Type SFL sign 
light, available in 10-in. and 12-in. 
sizes. It may be used above, below 
or on corner of sign. A number of 
different reflector and lens com- 
binations are offered. Lamps used 
include 150-, 200- or 300-watt in- 
candescent and 175- or 250-watt 
mercury. White baked enamel is 
standard exterior finish for reflector 
and housing, but any color can be 
supplied on request. Literature is 
available. 

Crouse-Hinds Co., Syracuse 1, 
N. Y. 


Photorelay (18) 


An electric eye housed in a 
weathertight and _ shock-resistant 
enclosure is now available. Mounted 
in a Crouse-Hinds FD-1 Condulet 
box with a 34-in. threaded fitting, 
this light sensing control with- 
stands the effects of dust, moisture, 
shock, vibration and other adverse 
conditions. Using a_ solid-state 
photocell, the Model R-CH photo- 
relay automatically triggers on-off 
and go-no-go circuits at predeter- 
mined light levels. It is sensitive to 
10 fe. It operates on 60 cycles, 115 
volts ac. It uses single-pole, single- 
throw relay contacts rated at 5 amps 
at 115 volts ac. It may be used in 
any position. 

Berkeley/Dynamics, 2831-7th St., 
Berkeley, Calif. 
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Circuit Breaker (19) 


A remote, solenoid-operated cir- 
cuit breaker, electrically operated 
and mechanically held, is for use 
with a variety of automatic controls 
for multiple-circuit, mixed-load 
service. Capacities are 0-50 and 
50-100 amp at 240-volt, 480-volt, ac, 
125- and 250-volt de, with interrupt- 
ing capacities rated at up to 10,000- 
amp rms. Unit can be provided for 
either automatic or manual reset 
when breaker is tripped due to over- 
load or short circuit. The solenoids 
which open and close breaker are 
available for use with all voltages, 
ac or de. 

Lake Shore Electric Corp., Bed- 
ford, Ohio. 


Telescoping Platform Lift (20) 


The Sky-Liner is a mobile battery 
operated rotating platform lift for 
high reach and ceiling maintenance 
work. Raising to a maximum height 
of 15 ft, it is capable of making a 
complete 360° turn, extends 6 ft 
6 ins. Platform and unit is moti- 
vated by a 24-volt battery through 
pushbutton control. Unit features 
a self-contained water system with 
a three compartment sink on the 
platform. A 30-gal tank is located 
in the base of unit. Platform also 
has electrical outlets for use of 
power tools and equipment. 

Grand Specialties Co., 3101 W. 
Grand Ave., Chicago 33, Ill. 


Carbon Brush (21) 


A new improved Red Top carbon 
brush has been introduced. The 
glastic top surface of the new Red 
Top section resists any spring finger 
indentation or wear and the neo- 
prene pad combined with it absorbs 
vibration and shock. Bulletins are 
available. 

Helwig Co., 2554 N. 30th St., Mil- 
waukee 10, Wis. 


Clamp (22) 


A screwless “Q” Quick-Clamp for 
outlet and switch boxes has been 
added to the RACO line. Non-metal- 
lic sheathed cable is gripped firmly 
as soon as it is shoved through the 
Quick-Clamp. It operates on a prin- 
ciple that permits the cable to easily 
pass through the clamp in one di- 
rection only. When cable is pulled 
in other direction, clamp tightens 
and prevents movement. 

All-Steel Equipment Inc., Aurora, 
Til. 





NEW! 2-WAY 


control versatility 


REMOTE SWITCHING...PLUS 


OVERLOAD...AND 


SHORT CIRCUIT PROTECTION 





SOLENOID OPERATED 
BREAKER 


Compact... Low-Cost... Simplified Circuitry 


Here’s the answer to sure, low-cost 
remote panelboard control for lighting 
and branch distribution circuits... for 
limited service starters and contactors. 
Choice of signal?... timer, automatic, 
pushbutton. 


Electrically-operated dual-solenoid 
actuators. Mechanically-held for 
failure-proof service with standard 
breakers. Protection includes thermal 
overload and short circuit. Trip-free 
design. 


Interrupting capacities to 10,000 amp 
rms! 


2 pole —3 pole — 4 pole 
240 — 480 — 600V AC 
125 and 250V DC 


State control voltage and current 
ratings when requesting quotations. 
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Interested in 
“cutting” time? 


j/ 


; For General Use buy 
RIFS&ID Heavy-Duty 
Pipe Cutters 


Factory tested for perfect 
tracking, here’s your best cut- 
ter buy for hand use. Extra- 
long shank protects threads, 
Five Sizes ’ gives fast, easy adjustment. 
for “e"’ to 6”” : Large handle for sure grip .. . 
ls ; more leverage. Strong, special 
4 malleable frame won't bend 
or warp. You'll also need the 
(4 FOI Wide-Roll Cutter, 
a i | that tracks perfectly at high 
power-drive speeds, and the 
RIGID 4-Wheel Cutters, 
that give quick, clean cuts in 
tight places with only quarter 
turns. 


For Tubing and 
Thin-Wall Conduit 
byy RIFaID 
Tubing Cutters 


Exclusive fold-in reamer on 
Nos. 10, 15 and 20 protects 
hands and pockets . . . reams 
full cutter capacity.Thin-blade 
wheel gives quick, clean cuts. 
dey °: Rollers smooth tubing ready 
for 4e"’ to 4 \ SP for soldering. Special RIFAID 
\ f No. 315 3-Wheel Cutter gives 
fast cuts in hard-to-get-at 

places. 


Five Sizes 


There's ao RRIAID Cutter to save you time 
on every job. Call your Supply House today! 





Pushbutton Enclosures (23) 


A new complete line of Boss push- 
button enclosures, designed for use 
with all standard makes of oil-tight 
pushbuttons, switches and pilot 
lights, especially where protection 
is needed against oil, dirt and other 
liquids. Included in the line are 38 
different enclosures with four types 
available: standard, extra deep, slim 
and pendant. All are constructed of 
14 gauge steel. They can be mounted 
either vertical or horizontal, and are 
manufactured to JIC, NEMA, and 
UL standards for industrial control 
equipment. Literature is available. 

Huenefeld Company, Engineering 
Products Div., 2701 Spring Grove 
Ave., Cincinnati 25, Ohio. 


Cable Clamp (24) 


A newly developed MIF spacer 
type aerial cable clamp is available 
in two sizes, providing a messenger 
diameter range from ‘*s-in. to 8-in. 
Clamp assembly consists of a pole 
plate spacer unit which permits at- 
taching the messenger and cable 
spacer 44 ins. and 94 ins. respec- 
tively from pole surface. A curved 
pole contacting surface of large 
area provides stability of spacer 
unit when mounted on pole. An ex- 
tra groove is cast into spacer body 
to accommodate an optional pole 
ground wire. Literature is avail- 
able. 

Malleable Iron Fittings Co., 
Branford, Conn. 


Product Briefs 


(25) Three new U-shaped ground 
receptacles in two electrical rat- 
ings have been made available by 
the Pyle-National Company, Chi- 
cago, Ill., for use with FS and FD 
series Pylet boxes. ... (26) Davis 
Scaffold Company, Lannon, Wis., 
has announced a new scaffolding, 
featuring 3-piece “unit” construc- 
tion that consists of two end- 
frames and a one-piece platform. 

27) A double ground tap that 
converts standard receptacles to 
safe grounded outlets has been 
developed by Eagle Electric Mfg., 
Co., Inc., Long Island City, N. Y. 





(28) Kato Engineering Com- 
pany, Mankato, Minn., has an- 
nounced that the de generator line 
is now available in sizes ranging 
from 500 watts to 40 kw with vari- 
ous voltages throughout the line. 

. . (29) A new telescoping work 
platform, known as “Elevator-Size 
Tallescope,” is made of aluminum 
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and fits inside any normal size 
elevator or storage closet and rolls 
through doorways. It is manu- 
factured by Up-Right Scaffolds, 
Berkeley, Calif. . . . (830) Mark- 
stone Mfg. Co., Chicago, Il., has 
introduced a new series of square 
incandescents for 2-, 8= and 4-lamp 
interior applications, 


(31) Electro-Sheave, a combined 
electric clutch and sheave assem- 
bly for direct installation on all 
standard NEMA electric motor 
shafts, has been announced by the 
Warner Electric Brake & Clutch 
Co., Beloit, Wis. ... (82) A com- 
plete line of UL-approved Plasti- 
cord flexible service cords is now 
available from Chester Cable 
Corp., Chester, N. Y.... (33) A 
new, lightweight lamp-puller de- 
signed for porcelain-base incan- 
descents, has been developed by 
Marsto Machine Co., Inc., Quincy, 
Mass. 


(34) A new heavy-duty router- 
plane kit has been introduced by 
Black & Decker Mfg. Co., Towson, 
Md. It combines the versatile 
power of the 1-hp heavy-duty 
router with the all-new power 
plane attachment. ... (35) Avail- 
ability of a probe type liquid level 
controller has been announced by 
Cutler-Hammer Inc., Milwaukee, 
Wis. ... (36) New high slip, crane- 
hoist duty motors have been intro- 
duced by Reuland Electric Co., 
Alhambra, Calif. 

(37) The U.S. Expansion Bolt 
Co., York, Pa., has introduced a 
new masonry hand fastening sys- 
tem known as the “Multi-Use” 
fastening system. ... (38) A new 
earth boring machine and pole 
setter designed to handle the 100- 
ft Class A poles, has been an- 
nounced by Calavar Corp., 2700 
S. Broadway, Los Angeles, Calif. 

(39) A new 34-in. drive heavy 
duty electric Impactool has been 
developed by Ingersoll-Rand, 11 
Broadway, New York 4, N. Y. 


(40) Completely zine coated 
threads on pipe and couplings, plus 
an overall coating of zinc bichro- 
mate are two new features of the 
hot-dip galvanized rigid steel 
conduit produced by Triangle Con- 
duit & Cable Co., Inc., New Bruns- 
wick, N. J.... (41) A new Model 
158 magnetic tape reproducer 
equipped with automatic program 
inter-mixer and automatic control 
for playing and non-playing time 
intervals has been announced by 
AltoFonic Corp., Palo Alto, Calif. 


To save time... 
Every Tool Box Needs 
a compact, easy-to-carry 


=i] x->]] =) 


Drop Head Threader Set 


Snap a die head in the ratchet ring 

. cut your thread! It’s as simple 
as that with a RitalD drop head 
threader. Heads can’t fall out... 
dies reverse quickly for close-to- 
wall threading. Finest 
quality Ritaip long 
wearing dies. Bolt and 


" SS 


conduit dies available. 


Call Your Supply House! 


Hand Carrier Free With All Sets Except No. 12-R 


(Order in sets or any combination) 


= - Exposed Ratchet Type 
Ge w= aes) “For pipe: ‘’” to 1” —OO-R; eto 1% —V11-R; 
wate oe a(R 


For bolts: V4’" to 1°’ —O0-RB 


ry _ es t- Enclosed Ratchet Type 
a ea at at d For pipe: V_"’ to 1° —O-R; V"’ to 1Y%4"" —11-R 
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IN IMPORTANT 
STRUCTURES 
EVERYWHERE... | SPe<iricarion 


LEVITON 


Wiring Devices 


@r 








ARCHITECTS, ELECTRICAL ENGINEERS, ELECTRICAL CONTRACTORS 
everywhere specify Leviton. You, too, can take advantage of 
Leviton’s complete line of Specification Grade wiring devices. 
Investigate this comprehensive line yourself! Sold thru author- 
ized electrical distributors. 


FOR FULL INFORMATION AND CATALOG WRITE TO: 
LEVITON MANUFACTURING COMPANY * BROOKLYN 22, N. Y. 


Chicago * Los Angeles ¢ Leviton (Canada) Limited, Montreal 
For your wire needs, contact our subsidiary: AMERICAN INSULATED WIRE CORPORATION 
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Catalogs & 
Bulletins 


(42) SERVICE EQUIPMENT. New 
Speedfax catalog covers complete 
line of fusible and circuit breaker 
service entrance equipment, includ- 
ing raintight boxes, 60-, 100- and 
200-amp ratings, series- or parallel- 
connected. Walker Electrical Co., 
Inc. 

(43) ADJUSTABLE SPEED DRIVE in 
ratings of } to 74 hp for machine 
tools, process machinery, printing 
presses and similar equipment is 
described in bulletin 2750, 6 pages. 
Louis Allis Co. 


(44) ELECTRIC HEATERS. New 16- 
page bulletin F-975C illustrates 
complete line of Chromalox comfort 
heaters for residential, commercial 
and industrial applications, includ- 
ing convection, forced-air and radi- 
ant models. Edwin L. Wiegand Co. 





(45) PHASE-ISOLATED TRANSFORM- 
ERS. 20-page booklet 591 covers ap- 
plications and advantages of load 
tap changing transformers which 
provide separate and individually 
controlled voltage regulation for 
each phase. Pennsylvania Trans- 
former Div., McGraw-Edison Co. 
(46) SOLENOID VALVES. New Ccata- 
log 444 lists complete line of over 
200 valves of bronze and stainless 
steel construction, giving detailed 
specifications and performance data. 
Atkomatic Valve Co. 

(47) ADJUSTABLE SPEED DRIVE 
equipment for industrial applica- 
tions where accurate speed control 
is essential is described in new bul- 
letin GB-3. Dynamatic Div., Eaton 
Mfg. Co. 


(48) DEFLECTION FITTINGS for pro- 
viding ?-in. expansion and contrac- 
tion and a 30-degree angular move- 
ment in any direction when used 
with threaded rigid conduit from 
4 to 4 in. Spring City Electrical 
Mfg. Co. 


(49) ELECTRIC HEATERS. Two blow- 
through and one draw-through cabi- 
net units are described in bulletin 
1801. Ilg Electric Ventilating Co. 


(50) MULTI-CONDUCTOR CABLE for 
installing 6 to 56 pairs of thermo- 
couple loads at one time from a 
number of measuring points to in- 
dicators, recorders or controllers is 
covered in catalog 33. Thermo Elec- 
trice Co., Inc. 


(51) RECTIFICATION EQUIPMENT is 
included in new 68-page catalog 591 
along with vibrators, car shakers, 
and other equipment. Syntron Co. 
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(52) CONDULETs for corrosive loca- 
tions plus listings of Plast-A-Coat 
fittings for hazardous and non-haz- 
ardous locations are listed with ap- 
plication charts in new 16-page bul- 
letin 2699. Crouse-Hinds Co. 


(53) SNOW MELTING of driveways 
is described for home-owners in a 
new self-mailer titled “The Invisible 
Snow Shovel” which electrical con- 
tractors may mail to their custom- 
ers and to prospective home owners. 
General Electric Co. 


(54) MAINTENANCE EQUIPMENT in- 
cluding high-speed rotary files, mica 
undercutters, field coil testers, port- 
able blowers, and over 100 other 
products are detailed in new cata- 
log 32. Martindale Electric Co. 


(55) HEADERDUCT components for 
coordination with cellular floor con- 
struction for electrical and com- 
munication wiring are covered in 
new bulletin 490 with detail draw- 
ings, dimensions and identifying 
numbers. National Supply Co. 


(56) PUBLIC ADDRESS SYSTEMS, 
speakers and components with full 
information, illustrations and spe- 
cifications are treated in new prod- 
uct catalog. University Loud- 
speakers, Inc. 


(57) INSTRUMENT RENTAL. 8-page 
bulletin GEA-6829 describes new 
nation-wide instrument rental 
program established through net- 
work of service shops involving 
mere than 13,000 electrical instru- 
ments. General Electric Co. 


(58) ELECTRIC PLANTs for generat- 
ing electricity for light and power. 
Large fold-out sheet presents com- 
plete information on selection of 
gasoline- and diesel-powered units, 
battery-charging models, and 
marine-type electric plants. Uni- 
versal Motor Co. 


(59) RELAYS ranging from small 
multi-contact midgets to sensitive, 
heavy duty and power types are 
featured in new 16-page catalog. 
Guardian Electric Mfg. Co. 


(60) INDUSTRIAL TRUCKS. 12-page 
condensed catalog classifies six 
categories: fork trucks, heavy-duty 
fork and ram trucks, low lift plat- 
form trucks, high lift platform 
trucks, die handling trucks, and 
cranes. Elwell-Parker Electric Co. 


(61) ELECTROLUMINESCENCE. New 
booklet describes Rayescent read- 
out lamps using phenomenon of 
electroluminescence with almost 
negligible current drain for the dis- 
play of luminous letters and num- 
erals in various types of dials. West- 
inghouse Electric Corp. 


RONG 


patented* branding 


bal 
doe 


YOU KNOW YOU ARE GETTING 
WHAT YOU ORDERED. 


MN 


HIGHEST NEOPRENE CONTENT IN THE TYPE AND SIZE 
INDUSTRY 


N 


RATED BUREAU OF MINES SELF-MEASURING. 
VOLTAGE 


* 


TRY A LENGTH IN YOUR WORKSHOP 
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ELECTRICAL CONDUIT 


MARK Conduit 
‘Miuleletalelianal 
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Orchard Shopping C 


! j . 
Clayton Mark & Company 
three brands of rigid steel con 


duit and 


Electrictube 


dala! 


wall conduit are inspected and 


approved by Underwr 
The high quality 


Welelelaehiolals 


durable and easy-working 


characteristic have 


made 


MARK rigid and thinwall con 


duit ‘The Contractor's 


Favor 


te’ for almost a half a century 


ms 
\ 


AVAILABLE EVERYWHERE 
TO SERVE YOU! 


Associated Agencies, Inc. 
Boston 20, Massachusetts 


Brazill Brothers 
Linden, New Jersey 


Cary Chapman & Company 
New Orleans, Louisiana 


Cary Chapman & Company 
Greensboro, North Carolina 


Cary Chapman & Company 
Atlanta, Georgia 


Cary Chapman & Company 
Hialeah, Florida 


Cary Chapman & Company 
Birmingham, Alabama 


A. Lee Clifford & Company 
Indianapolis 7, Indiana 


Crescent Electric Sales Co. 
Chicago 47, Illinois 


Eberhardt Electric Sales Co. 
Buffalo 11, New York 


Electric Agencies 
Seattle 4, Washington 


Hodges & Glomb, Inc. 
San Francisco 3, California 


M. J. Pelletier Company 
Minneapolis 1, Minnesota 


Popkin Brothers 
Cincinnati, Ohio 


Popkin Brothers 
Cleveland 14, Ohio 


Popkin Brothers 
Detroit 1, Michigan 


Popkin Brothers 
Toledo, Ohio 


Jim Randall Company 
Dallas, Texas 


Rutkin Electrical Sales Co. 
Los Angeles 21, California 


The Schooler-Gorman Co. 
Kansas City 1, Missouri 


Wm. C. Welde & Sons 
Philadelphia 4, Pa. 


Randolph C. Wohitman Co. 
St. Louis 10, Missouri 


W. E. Young Company 
Denver 5, Colorado 


Since 1888, quality products for home and farm 


CLAYTON MARK 


& COMPANY 
1900 Dempster Avenue « Evanston, Ill. 
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(62) LIGHTNING ARRESTERS and 
primary protective gaps are de- 
scribed in bulletin LA6, including 
complete descriptions, application 
data and ordering information. 
Line Material Industries. 


(63) ELECTRIC HEATING CONTROLS. 
Brochure R-1625, 4 pages, covers 
complete line, including both wall- 
and integrally-mounted, with draw- 
ings showing wiring and operating 
principles. White-Rodgers Co. 


(64) ELECTRIC UNIT HEATERS. Com- 
plete specifications and construction 
information on entire line covering 
14 models from 14 to 36 kw are pre- 
sented in new 4-page bulletin 808. 
Ilg Electric Ventilating Co. 


(65) METAL POLES and wall bracket 
units for outdoor lighting applica- 
tions incorporating Servisafe dis- 
connecting and lowering mechanism 
are described in brochure PWB-59. 
Thompson Electric Co. 


(66) Motor STARTERS, components 
and accessories including glass- 
filled, thermal set mold-type contact 
block, molded epoxy and dual volt- 
age magnet coils, overload relays, 
and contacts are covered in new 
bulletin 14B9182. Allis-Chalmers 
Mfg. Co. 


(67) Dry-TYPE TRANSFORMERS and 
saturable reactors are covered in 
two new bulletins, 958 and 658, re- 
spectively. Transformers are rated 
t to 10,000 kva, single and 3 phase, 
120 to 15,000 volts. Reactors de- 
scribed include 15- and 25-kva 
single-phase models as well as 150- 
and 470-kva 3-phase models. Sorgel 
Electric Co. 


(68) PHASE FAILURE RELAYS. 4- 
page bulletin 230 describes a phase- 
voltage-balance device for use with 
magnetic controls to automatically 
prevent three-phase motors or 
equipment from operating under 
open-phase or single-phase condi- 
tions. Phase-Guard Co. 


(69) DISTRIBUTION DEVICES. 84- 
page Buy Log (Cat. GEC-1100) 
presents condensed application, 
selection, pricing and ordering in- 
formation on circuit breaker load 
centers, fuse puller panels, safety 
switches, wire-way, molded-case 
circuit breakers and_ enclosures, 
lighting panelboards, distribution 
panelboards and busway. General 
Electric Co. 


(70) WIRE CHARTS. Four new data 
charts reduce as many as 50 pages 
of information to a single sheet. 
Information includes prices, strand- 
ing, temperature ratings, weights, 
diameters and wall thicknesses. 
Hatfield Wire & Cable. 
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pres-SURE Romex Connector* 


No other Romex Connector gives you 
all these important advantages .. . 
LOWER INSTALLED COST — Save 
up to 2-minutes installation time aad 
connector. On-the-job experience has 
shown that installed costs are lower 
than conventional connectors, — re- 

gardless of connector cost, 


Save Valuable Space, Too! 


sucHANAN MORE ROOM FOR 
: WIRING — Connector 
extends less than 3/64” 
into box. 
Conventional EASIER TO INSTALL — 
’ One quick simple squeeze 
with channel-lock or elec- 
trician’s pliers simultane- 
“DJ ously locks connector to 
a cable and box. To install, 
merely insert cable in box knockout 
and slide connector over cable. No 
clamps, screws or lock nuts. 
QUICKER TO REMOVE—An equally 
quick and simple squeeze at 90-de- 
grees to installation “crimp” simultane- 
ously unlocks connector from cable 
and box. 
BETTER CABLE PROTECTION — Ex- 
tra large bearing surfaces distribute 
pressure on cable to minimize insula- 
tion abrasion. 
BETTER OVERALL PERFORMANCE 
—Exclusive “crimp-type” installation 
insures permanently-tight, vibration- 
proof connections of high tensile 
strength. No screws or nuts to work 
loose. Special high grade aluminum 
alloy can’t rust. 


Approved for 14/2, 14/3, 12/2, 12/3 and 
_ 10/2 non-metallic sheathed cable. 
%)\ Also adaptable for use on 
A ‘ e Portable cords or 10/3 Romex (12” o 
¥ smalier dia 
e (2 2 or smaller Romex 
“ATS © 12/2 and smaller UF 
(Si) e¢ 12/3 UF (by slightly pre-flattening 


NIA 


“Catalog No. 1050—An exclusive Buchanan 
development (Patent 2527227). 


Ask your distributor, — or write for 
samples and Bulletin EC-5 


ELECTRICAL PRODUCTS CORPORATION 
HILLSIDE, NEW JERSEY 


In Canada 
GASACCUMULATOR COMPANY (CANADA) LTD, 
12 GOWER T., TORONTO 16, ONT, 
Export 
PHILIPS EXPORT CO 
100 E. 42nd ST., NEW YORK, N.Y. 
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IT TAKES A SPECIALIST 
LIKE 


STROMBERG-CARLSON 
to provide the most flexible sound system 


In keeping with the flexibility of the 
design of Bozeman (Montana) High 
School, Yellowstone Electric Com- 
pany, Electrical Contractor, chose a 
sound communication system by 
Stromberg-Carlson. 

This school was designed for easy, 
economical expansion to meet grow- 
ing needs. The school’s sound sys- 
tem will grow easily and economical- 
ly with the school. 

This flexibility is possible because 
Stromberg-Carlson systems are com- 
posed of standard components which 
can be arranged to meet any require- 
ments of any client. 

You can bid our equipment with 
complete confidence because: 


trained sound distributors in all 
major markets. 


Service and maintenance prob- 
lems are negligible—as proved 
by thousands of installations now 
in use. 


Field sales engineers are at your 
service for consultation at any 
time. 

Our factory engineering staff is 


available to help solve complex 
installation problems. 


When you bid Stromberg-Carlson, 
you bid competitively—with assur- 
ance of a good profit—and an instal- 
lation that will add to your prestige. 

For further details, or the name 
of our local representative, write 
no obligation. 


e Installation help and supervision 
are available from our factory- 


“There is nothing finer than a Stromberg-Carlson” 


STROMBERG-CARLSON GD 


A DIVISION OF GENERAL DYNAMICS CORPORATION BD: 8 
Special Products Division, Electronics Center ‘eee : On 

1453 N. GOODMAN STREET *« ROCHESTER 3,N. Y 

ELECTRONIC AND COMMUNICATION PRODUCTS FOR HOME, INDUSTRY AND DEFENSE... INCLUD- 

ING HIGH FIDELITY CONSOLES; SCHOOL, SOUND, INTERCOM AND PUBLIC ADDRESS SYSTEMS 
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Your Job 
Rolls Along 


with 


BAKER 
SCAFFOLDS 





Here’s a scaffold that answers the need 
for rapid portability. It’s made to the 
height, width and length for moving in 
close areas, 
obstructions which normally lick “port- 
able” scaffolds with underneath cross 
bracing. No need to knock down a 
Baker Scaffold to move it... yet, if 
unusual conditions require it, 
can easily take it down—and 1 man 
can put it back up in only 90 seconds. 


sv 60O 


The Baker Scaffold offers casters in op- 
tional wheel sizes of 3’, 5 and 8” diam- 
eters to speed the portability. Also, 
there’s a variety of accessories to 
further increase the convenience of the 
Baker Scaffold. 


Complete information is available in 
our new catalog. Write today for your 
free copy. Scaffold Literature + 593 


Gor 
LISTED UNDER RE-EXAMINATION SERVICE 


\ “uy i] UNDERWRITERS’ LABORATORIES, INC, 


“BAKER 
SCAFFOLDS 


DESIGNED FOR PORTABILITY * BUILT FOR DURABILITY 
aa eae aa eae ae ae 
BAKER-ROOS, INC 
P. O. Box 892, Indianapolis 6, Indiana 


Gentlemen: Send the folder described on 
Baker Scaffolds without obligation. ECM 


Name —— 
Organization 
Address 


City State 


DISTRIBUTORS IN PRINCIPAL CITIES 
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through doors and over | 


1 man | 








Reader’s Quiz 


QUESTIONS from readers on problems of industrial equipment, installation, maintenance and 





Answered by electrical int 
out of their experience. 


repairs. 


Control Circuits 
In Conduit 


QUESTION S35—I would like to 
secure information regarding the 
installation of motor branch cir- 
cuit wires and control wires in the 
same conduit. I am referring to a 
440-volt, 3-phase, 60-cycle motor in- 
stallation having the usual “start- 
stop” control circuit at the same 
potential. I] have been informed 
that at distances greater than ap- 
proximately 600 ft the contactor 
may fail to drop cut when the stop 
button is depressed. What would be 
the reason for this failure? Would 
it be possible to circumvent this 
problem for greater distances by 
installing the control circuits of 
several motors in a separate con- 
duit ?—O.E.S. 


ANSWER TO S35—With the stop 
pushbutton located roughly 500 ft 
from the controller, the contactor 
often fails to drop out when the 
stop button is depressed. This is 
caused by leakage current through 
the distributed capacitance between 
wires of the control circuit. When 
a distance is reached where the dis- 
tributed capacitance allows a cur- 
rent to flow which exceeds the re- 
quired holding current for the coil, 
then the stop button will have no 
effect. 

Weather conditions may affect 
the value of distributed capacitance 
so that the installation may work 
properly on a sunny day and not at 
all on a rainy one. 

Simplest and most reliable solu- 
tion is to use de control either using 
a de coil, or a de relay located near 
the starter operating in the ac con- 
trol circuit. This eliminates leak- 
age currents. 

Occasionally this problem can be 
eliminated by using a lower voltage 
ac control circuit. For example, a 
110-volt coil requires more holding 
current than a 440-volt coil; conse- 
quently, more leakage current is 
permissible before the contact fails 
to drop out. 

To install control circuits in sep- 
arate conduit will have no effect.— 
J.M.Y. 


ANSWER TO §835—The problem 
cited by O.E.S. is one that is pos- 
sible but uncommon, particularly in 
cases involving motor starters. 


gi s and industrial electrical contractors 


For every question and every answer published we pay $5.00 


The problem resolves itself to a 
simple series resistance, reactance 
and capacitance circuit. The ca- 
pacitor is formed by the control 
conductors. The contactor coil and 
control conductors form the resis- 
tive and inductive components. 
Therefore, the more remote the 
stop-start pushbutton, the greater 
the capacitance, inductance and re- 
sistance. Correspondingly, the less 
is the capacitance reactance. 

Starter coils require approxi- 
mately 80 to 85% rated voltage to 
pick up the contactor and only 50 
to 65% rated voltage approximately 
to hold in the contactor (vertical 
lift contactors). 

With the correct combination of 
inductance and capacitance, a volt- 
age of sufficient magnitude will ap- 
pear across the contactor coil and 
prevent it from dropping out when 
the stop button is depressed. 

Figs. 1, 2 and 3 show the normal 
control circuit, the resolved series 
circuit and the voltage vector dia- 
gram, respectively. Hypothetical 
values for resistance, inductive and 
capacitive reactance are indicated 
in the series circuit simply to illus- 
trate a condition that could occur. 
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25 feet of conduit channel 
in just 1 hour! 


Look what Black & Decker’s 1'/s Hammer 
can do for you! 


BREAKING holes through con- 
crete or brick; demolition work 
goes easier with bull point tool. 


TRIMMING excess metal or 
scaling after the job’s done 
goes fast and easy with cold 
chisel. 


INSTALLING electric outlets in 
concrete is a cinch with a B&D 
Hammer, 


MowuntTING electric signs, 
switchgear, etc. is fast work 
with powerful Hammer and 
star drill. 


T Pw © 
WW oS * 


WW 
‘ 


2,200 cutting blows a minute 
speed up electrical jobs 


Here’s the tool that helps you slash preparation time 
laying conduit in concrete floors and in scores of other 
jobs! Rugged Black & Decker Electric Hammers are 


power-packed to deliver thousands of hard, rapid, cut- 


ting blows to send your man-hours tumbling; output 
per worker climbing. 


See for yourself what the B&D 1%” Hammer can do 
for you in drilling, digging, piercing, breaking, chiselling 
and dozens of other operations. Mail coupon for free 
demonstration or additional information. THE BLack & 
DeEcKER Mre. Co., Dept. 1205, Towson 4, Md. (In 
Canada: P.O. Box 278, Brockville, Ontario.) 


Leading Distributors Everywhere Sell 


Quality Electric Tools . . . Power-built for top performance 


b> MAIL TODAY FOR FREE DEMONSTRATION <4----- 


THE BLACK & DECKER MFG. CO., Dept. 1205, Towson 4, Md. 


Please arrange a free demonstration of your 1%” Hammer 
Please send additional literature 


Company 


Address 











NOW, PLUG IN...OPERATE...MAINTAIN WITH 


TOTAL SAFETY 


New EDP UNnt-Bus Electrical Distribution System . . . now 
makes TOTAL SAFETY a fact! You cannot touch a “live” part 
in this new system—anywhere anytime, in any way! It positively 
eliminates any danger of accidental electrical contact during 
installation, operation, maintenance. Proof? “‘Uni-Bus”’ Busways, 
with TOTAL SAFETY, have been in wide use for over five years with 
not one report of accidental contact. Now, for the first time, 
ToTAL SAFETY is available in an entire electrical distribution 
system. The concepts are sound. The products are proven. And 
the entire “‘Uni-Bus” system is prefabricated—available from 
stock. This is the biggest single advancement in electrical systems 
in over 25 years. ““Uni-Bus!” 

Let us introduce you to the mew ToTAL SaFety concept by quoting on your next 


job. It is the surest way of proving to yourself that EDP safety is not a claim— 
but a life-saving fact! 


Write for the name of your nearest EDP Representative. Or, for further informa- 
tion, fill out the attached coupon for your free copy of the “Uni-Bus” Masterguard 


System Catalog. Electric Distribution Products, Inc., 2201 31st Street S.W., 
Allentown, Pa. A subsidiary of Electric Machinery Mfg. Co. 


UNI-BUS by E=L FF 


Electric Distribution Products, Inc. 











Reason for “Uni-Bus” Torat Sarety is exclusive 
retractable plug-in contact mechanism that locks “live” 
bus bars behind safety slide, Jocks cover of device 
closed when there is line contact. When cover of con- 
trol device is opened, plug-in contacts are automat- 


ically and instantly removed from bus bars .. . entire 


unit is “dead”. There is absolutely no danger of 


accidents. “‘Live’’ parts are never exposed! 








“Uni-Bus” Electrical Distribution System is the only system with total safety throughout. 
Concept brings safety slide outlets used in “‘Uni-Bus” Busways down to working level in 
motor control centers, distribution panelboards, motor starters and enclosed switches— 
provides same plug-in convenience, flexibility, safety in every product. 





“Uni-Bus” Motor Control Center uses 
safety plug-in operation ; provides flexibil- 
ity (all control enclosures are interchange 
able), lighter weight (150 to 200 pounds 
per section lighter than competitive units, 
saves 35% handling weight), smaller size 
(saves minimum of 334% of area, up to 
50% aisle space), lower cost (all com- 
ponents are shelf-engineered into standard 
packages, available from stock). /t’s the 


safest, most compact, lightest, most flexible 


motor control center available. 


“Uni-Bus” Busways are “‘shelf-engineered” for 
delivery from stock. No need for highly engi- 
neered products and systems. Dustproof design 
is available to resist the dangers of dust and 
oil laden atmospheres. 


“Uni-Bus"” Safety Switch is the only safety 


switch with total safety! Plug-in receptacles 
are placed at machine level to provide outlets 
as convenient as those in the home. Safety 
switch is plugged into outlet and power is 
immediately available. Switch can easily be 
moved without rewiring. 


[-------------n nn 


Electric Distribution Products, Inc. 
2201 31st Street S.W., Allentown, Pa 


Please send a free copy of the “Uni-Bus" 
Masterguard Catalog. 


Please have a representative call. 


Name 
Title 
Company 
Address 
City 


Zone 








at 
the 
switch 


You can count on Amp-trap* 

when you want to stop a 500,000 
Ampere short circuit dead in its 
tracks. In fact, if Amp-trap is 
watching and waiting at your 
entrance switches or in your circuit 
breakers — you couldn’t be safer. 
That’s why those who know insist 
on and get Amp-trap. 


*Protected for 
your protection 
by 27 patents. 


Amp-trap is “always awake at the switch” .. . where current 
limitation with high interrupting rating is required . . . on general 
power circuits, on DC circuits, on standard and the new higher 
voltage networks, on busways and entrance switches, even on 
general electronic circuits. 


Amp-trap is a true current limiter because it anticipates and 
stops dangerous short circuits long before they can become 
destructive. Nothing takes the place of Amp-trap. 

There’s one for every purpose. Ask for Bulletin 514-9. 


RP Amp-trap 
registered trademark « 
The Chase-Sha 


THE CHASE-SHAWMUT co. 
374 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS 
Subsidiary of |-T-E CIRCUIT BREAKER CO., Philadelphia, Pennsylvania 


C3, ay a @ “Qe 
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The values have no relation to an 
actual case. 

On several occasions, I have been 
confronted with the same problem 
as O.E.S. Each time, with the aid 
of an inductance-capacitance bridge, 
I have taken measurements of a 
unit length (10 ft) of conduit con- 
taining the number and size of con- 
ductors that I had proposed to in- 
stall. A few calculations, with the 
aid of the measured values, would 
show that no problem existed. 

Tests using components corre- 
sponding to the measured values 
would prove nothing that calcula- 
tions would not show. Reason—the 
actual installation consists of in- 
numerable variables that are in- 
determinable and unmeasurable. 

One of our installations, consist- 
ing of two Size 3 oil immersed 
starters with the control conduc- 
tors installed in a common conduit 
and the start-stop pushbutton lo- 
cated 300 ft from the starters 
operates satisfactorily. 

One solution to O.E.S.’s problem 
is to install a resistor in series with 
a contactor coil rated at a voltage 
less than the control circuit voltage. 
In doing so, the coil reactance is 
reduced and the voltage drop across 
the coil is reduced when the stop 
button is depressed. 

O.E.S.’s suggestion of using sep- 
arate conduits would help by in- 
creasing line reactance. It is ques- 
tionable that the gain would justify 
the expense—H.C.D. 


Pilot Lamps 


QUESTION 7T35—In our plant we 
use 6-8 volt pilot lights on our 220- 
volt ac control circuits. The voltage 
to the lamps is reduced by any one 
of three ways: namely, a resistor 
or capacitor in series with the 
lamp, or 220/6-volt transformer. 

Can someone suggest the reason 
for these variations? Which is best 
and why?—R.E.B. 


COMMENT—tThe answers to the 
above question were published in 
the December 1958 issue of Elec- 
trical Construction & Maintenance, 
page 115, Z34. We usually catch 
duplicate questions sent in by our 
readers but this one got by us.- 
Editor 


. . 

Dynamic Braking 
. 

And Lowering 
QUESTION U35— Please explain 
the difference between dynamic 
braking and dynamic lowering as 
used on de series motors. In the 
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The PRICE 
is RIGHT! 


National Price Service suggests the 
right price to service and hold 
customers. It is fair to the customer 
and to you. N-P-S will help you 


make a profit because it is a time- | 


proved, business-like method of 


billing, estimating and costing your | 


jobs, as well as checking your 
invoices and purchasing. Send for 
complete details. 


eae ae 


HENDERSON-HAZEL CORP. Dept. A-95 | 
13601 EUCLID AVENUE + CLEVELAND 12, OHIO 


Gentlemen: 

Please send me the complete story of National 

Price Service, how it will keep me up-to-date 

with changing moterial prices, and suggest 
! profitable resale prices—quickly. No obligation. 


1 Name 


! 
i 
! 
' 
' 
' 
i 
' 
' 
i 
t 
' 
' 
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Title 
Company 
Address 
State 


City Zone 





National 
Price Service 


HENDERSON-HAZEL 
CORP. 


13601 EUCLID AVENUE + CLEVELAND 12, OHIO 
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No. 241 COMBINATION SWITCH AND RECEPTACLE 


BELL sar.1-10K 
Weatherproof OUTLET 


FEATURING Steladsiue 
STAY @] PEN eo 
SNAP-COVER 
ACTION 


SPECIFY BELL.. 
The best in 
weatherproof 


devices 





-—- 


STAYS OPEN 


POSITION 


I 
a 





a 


SNAPS SHUT AUTOMATICALLY 
WITH SLIGHT PUSH 


No. 219 SINGLE SNAP-COVER 
PARALLEL SLOT DUPLEX RECEPTACLE 


No. 220 SINGLE SNAP-COVER 3-WIRE 
GROUNDING DUPLEX RECEPTACLE 





Grounds metal parts of portable 
electrical tools, lawn mowers, etc. 
for safety in use with Metallic or 
Non-Metallic wiring systems. 








-»-the most COMPLETE line 


with EXCLUSIVE selling advantages 











Exclusive SNAP-COVER locks open for easy, one-hand 
insertion of plug... yet snaps shut at a touch for weather- 
proof protection. Lid does not rest on wire or plug. Can’t 
damage insulation if cord is jerked out. Cover cannot be 
loosened or pulled off. 


No. 210—-ONE-GANG SAF-T-LOK SINGLE RECEPTACLE 


Bell—The Complete Line —The Only Line with SAF-T-LOK 
SNAP-COVERS OR SCREW COVERS in 1 or 2-gang Com- 


= a 


No. 228 
Combination 
Flush Switch & 
Snap-Cover 
Outlet 








No. 233 
Flush Switch 
and Duplex 
Screw Cover 

Duplex Receptacle 


No. 216 
Flush Switch 
Screw-Cover (Single pole, 
Duplex T-rated) 
Receptacle 


Make BELL your one source for the best in weather-proof and No-Shok 
devices, and Metal Wall Plates. Write for Catalog and Prices today! 


BELL ELECTRIC CO. 


5735 South Claremont Avenue @ Chicago 36, Ill 
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SEEMORE SAYS: LOOK! NEW! 


irascolite 


ee 4 me Sicilia ek 


You relamp ‘em 
, without ladders 


From above, just snap-out the 
reflector. From below, use a relamp- 
ing stick. No sky-high ladders to 
mess with! 

They're available with hinged wire 
guard and 40° shielding louver 
—and with louver or guard only. 
Both pendant and recessed units 
are listed by Underwriters 
Laboratories, Inc. 

High quality 60° beam ALZAK 
reflector for high efficiency, easy 
maintenance, long life. 


THERE ARE MANY 
MORE GUTH GYM LIGHTS 
TAKE YOUR PICK: 


Single, double, triple and quad- 
ruple units, for high or low bay 
installations, 100% downlight or 
with 15% vuplight, round or 
square, pendant or recessed. 


WRITE FOR GYM LIGHTING 
DATA SHEETS TODAY! 

















case of dynamic lowering is there 
an opposing voltage attempting to 
raise the load on the first controller 
point? These hoists are 25 hp and 
equipped with magnetic brakes. In 
other words, how is low controlled 
speed accomplished ?—J.E.P. 


ANSWER TO U35—The magnetic 
brake on your motor has a friction 
member which is pressed against 
the wheel by a spring and is re- 
leased by a magnet. This brake is 
used only (1) to stop the motor 
after the speed has been reduced 
by the dynamic braking action; and 
(2) to hold a load stationary. 

When the load is hoisted, an ar- 
mature shunt resistor in connection 
with the series resistor is used for 
slow speed. When the load is low- 
ered, the motor operates as a shunt 
motor. With an overhauling load, 
the motor operates as a generator. 
A resistor in the armature circuit 
absorbs this generated power. This 
is called dynamic braking. This 
braking action can be used for grad- 
ual speed reduction by the use of 
a series of step-by-step contactors 
in the resistor circuit.—W.R.S. 
ANSWER TO U35—Dynamic brak- 
ing is generally accomplished by 
disconnecting the armature from 
the line and connecting it to a re- 
sistance. In shunt or compound 
motors the shunt field remains con- 
nected as in motoring. In series 
motors the series field must be con- 
nected in series with an appropriate 
resistor to the line. The motor then 
acts as a generator so long as the 
load continues to turn the motor 
with sufficient speed to provide gen- 
eration. 

Dynamic lowering as applied to 
series hoist motors is similar, ex- 
cept that the armature also remains 
connected to the line. This is shown 
in Fig. 2. The motor starts to lower 
the load acting as a shunt motor. 
The resistor R1 allows enough cur- 
rent to flow to excite the series 
field and release the series brake. 
As the load becomes overhauling 
the motor becomes a_ generator, 
generating current Ia. This cur- 
| Az a—~\ Al S2 S| | 
t—1 Arm p——"PHH]).——, Brake | 


j ~ 
ae Ser 
+ e d 


Fig. | Hoisting 


Ia#I 
Cc 


= Ser solenoid 
St. Lovis 3, Mo. ——_____ field T 


\ A MAA——— As 
TRUSTED NAME IN LIGHTING SINCE 1902 - 4 Pras Ro R | 


Fig. 2 Lowering 
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the 


NEW LOOK 


-- in GENERATOR 
Nee DESIGN 
é' on large Onan 
gasoline and 
diesel plants 


ONAN’S NEW 
MAGNECITER 
GENERATOR 


TYPICAL 
ROTATING 
EXCITER 
GENERATOR 


Eliminates all moving 
parts in exciter and 
voltage regulator 


Steps up performance in 
primary or standby installations 


FASTER VOLTAGE RECOVERY—Rated 
voltage is restored within one second after 
load is applied or removed, compared 
to 5 seconds with rotating exciters. 

LESS VOLTAGE FLUCTUATION—V oltage 
fluctuation with load changes is less than 
half that of standard-type generators. 
GREATER RELIABILITY—Eliminates hun- 
dreds of electrical connections, the com- 


TDEAL) SIMPLET 


a OR Oe Oe Coe 5 oe - 2 OR" 
and ADAPTERS 


*MALLEABLE IRON “PERFECT 930 


PNH 
PULLING 
ADAPTER 


Two hubs at perfect 90° angle, 
one female and one male thread- 


PNF 
PULLING 
ELBOW 


Two female threaded hubs at 
precise 90° angle. Rigid, domed 
covers with full neoprene gas- 
kets. Sizes V2" to 2” 


Rigid, domed covers with 
full neoprene gaskets. Lock nut 
included. Sizes 2" to 2”. 


Make 


eltiia @ 
EASY-TO-USE 


MADE BETTER FOR YOUR NEEDS 


@ malleable iron, 
chromate treated 


cadmium plated, @ milled surfaces assure tighter seal 


@ more metal at inside radius pro- 





mutator and its brush rig. 

FEWER ADJUSTMENTS—No extra sensitive 
adjustments necessary. Regulator has no 
delicate multiple contact points. 
EASIER SERVICING— All exciter and regu- 
lator components are easily accessible. 
No dismantling necessary. 

New Magneciter generators are now 
standard equipment on all Onan Electric 
Plants of 100, 125, 150, 175 and 200KW, 
as well as on many smaller sizes. A choice 
of Diesel or gasoline engine power is 
available on most Magneciter-equipped 
models. Complete specifications on any 
or all Onan units will be sent on request. 


D.W.ONAN & SONS, INC. 


2699 University Ave. $.€., Minneapolis 14, Minn. 
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@ steel cover cadmium plated and 
chromate treated with larger 
screws designed to fit snugly in 
opposed corners without protrud- 
ing inside 

@ cover domed for greater rigidity, 
provides more working space and 
more wire area inside 

@ full neoprene cover gasket (not 
cut out) 


vides more strength, durability 
@ no obstructions inside, all smooth 
surfaces, tapped holes recessed 
@ precision tapered pipe threads 
positioned exactly 90° center to 
center in the same plane 
@ sold complete with covers, screws 
and gaskets — shipped assembled 
@ sizes marked on both covers and 
elbows 


“L' TYPE PULLING eLecw ALSO AVAILABLE 
Malleable iron b t : 

angle. No-thread type 

FLal-[asl-le MR loll oleleh Maw. Valeltll- (ame) otal 

Gaskets av at extra 


lah} 
wires ailable 


SEE YOUR WHOLESALER, or send coupon. 


SIMPLET FITTINGS 


A Division of Ideal Industries, Inc. 
Pioneers in condvit fittings and electrical specialties. 
1041-E Park Avenue ¢ Sycamore, Illinois 


Send Pulling Elbow data oO 
Clip and Attach 


to Your Letterhead Your Name 
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Cat. #652001 


Porcelain Products now offers the finest universal pipe mounting 


wireholder available today. . . . 


and here’s why: 


Fits any 14" to 2%" pipe— 
ONE ITEM TO STOCK. 
Copper-bail reinforced insulator 
is stronger, with extra large wire 
holes—exceeds E.E.I. wire- 
holder specifications. 

No loose parts—ready to install 
as is, on any size pipe. 

Bolts swedged rigidly to bracket 
for easy handling, installation. 


@ Slotted back bar permits instal- 
lation without removing nuts. 


@ All steel parts are heavy gauge, 
hot-dip galvanized before as- 
sembly. 


@ Neat; trim, and compact for 
attractive installation. 


Write for complete details 


ES y-celaiin Products. Inc 


CARLY, OnIO 
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rent Ia then adds to I1, adding to 
the excitation of the motor. The 
amount of braking is regulated by 
resistance Ra. 

There is no reverse current tend- 
ing to raise the load. Any current 
delivered from the line to the arma- 
ture would actually tend to lower 
the load. It is possible that there 
could be regeneration into the line. 
However, normal conditions of load 
and circuit components would not 
allow current to flow into the line 
from the motor acting as a gen- 
erator.—C.H.S. 


Insects in Conduit 


QUESTION V35—I have a problem 
of roaches in conduit constantly 
giving trouble eating and breaking 
down insulation on wiring in con- 
duit. Is there anything we could 


do here?—H.W.L. 


ANSWER TO V35—A similar con- 
dition in the south (with a different 
insect) was successfully eliminated 
with the help of an exterminator 
in the following manner. 

A powder insecticide was mixed 
with “duct-seal” and one end of 
conduit was sealed. A gas insecti- 
cide was then introduced into the 
other end which was then sealed off 
the same as first end. 

While the exact chemicals used 
cannot be given, the powder was 
of an arsenic content, while the 
gas was some type of cyanide. 
PLEASE NOTE THE FOLLOW- 
ING AS THIS PROCEDURE IS 
DEADLY. FIRST THESE 
CHEMICALS WERE TESTED 
IN A LABORATORY BY CHEM- 
ISTS FOR THEIR EFFECT ON 
INSULATION OF CONDUCTORS 
AND CONDUIT (RIGID). This 
whole operation was considered of 
enough importance and dangerous 
enough to be handled exclusively 
by a high rated exterminator. 
Later the gas was removed from 
the conduits and resealed, to pre- 
vent any reentrance of insects. 

This whole operation required 
three weeks, during which there 
was no one else in the building ex- 
cept exterminators, and all electric 
power was disconnected, necessary 
power being supplied by portable 
unit.—C.L. 


ANSWER TO V35—Before pulling 
in the wires, wind a good grade of 
friction tape on the wires by using 
4-ft. tape to 1-ft of wire. Now dust 
the friction tape with sodium fluo- 
ride and pull in. The sodium fluoride 
should not be breathed. These in- 
sects go for our food, and a dark 
warm place. The conduit fill law for 
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SHPaR DAL TERMINAL LUGS 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


* 


INDENTED CRIMP 
FOR GREATER RESISTANCE 
TO PULL-OUT 


STARTER TYPE—RAPID START 
SLIMLINE LIGHTING FIXTURES 


VOID FREE 
CONNECTION 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


i 7 
\ , ] 
SHERMAN . 
UNI-CRIMP SHERMAN AN HAND C G TOOLS 
LUG “ST" LUG Portable or bench mounted for fast, easy instal 


lation of money-saving Sherman terminal tugs 


ELECTRICAL FITTINGS 











SL Approved 
GF-13B GF-23 Type 


Conduit Ground 
Clamps. 

Solderless 

Solderless swivel- Pure Copper — 


Ground Fittings. type Ground Fittings. ages ag up to 


R WIRE and CABLE 


’ rg sgt ee GF-18, 19 & 20 “Bond-Rod" 
since its inception. : GF-16 & 17 

@ Modern functional designs. Cast Clamps. iiittinas 

@ Stock fixtures adaptable for all — = Type 
lighting layouts. Cast Copper Alloy with Heavy Bronze 

@ Units designed for quick, 


easy erection. 








ss 


Solderless 


' 


non-ferrous screw. one-piece construction. 414 thru 41000 MCM-AWG. 








@ Patented E-Z Servicer. 

@ Designed and manufactured by the line of Reliable quality! 
WILEY with ETL Certified a ri 0 -_ 
Electrical Components. 


so 
District Sales Engineers Available 
for Prompt Co-operation Solderless 








' , H. B. SHERMAN MFG. CO. 
For Full Information, write yee Battle Creek, Michigan 


Show me how I can save up to 15% with your — 
HY & W #14 thru 500 MCM-AWG. Ciww6s 


(CU CRIMPING TOOL (80TH 
Z. Bipipap| 


Dearborn at Bridge Street -63 na beat ! ab ee 
Buffalo 7, N.Y. ¢~ 


eT ede ee 




















H. B. SHERMAN MANUFACTURING CO., BATTLE CREEK, MICHIGAN 
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MN EV 


FURNAS ELECTRIC 
MANUAL STARTER 


e@ 2-3-4 Poles 





e Sizes O-and 1; 
7% HP; AC—2 HP, DC 


Compact G Simplified 
Visible Contacts 


Pressure Terminals for 


Quick Wiring 
Positive Snap Action 


Trip-Free Thermal 
Overload Protection 


e Modern Enclosures for 


VV SUPERIOR ELECTRO-MECHANICAL LIFE—Only two moving 
parts—floating toggle and spring replace complex linkages. Unit- 
ized frame and arc box, silver-cadmium oxide contacts. 


\/ DIRECT-ACTING THERMAL fg | 20G-RUN” ACCESSORY 
OVERLOADS—Trip-free melt- 
ing alloy type assures reliable 
motor protection, opens contacts 
independent of toggle. Second 
overload unit snaps into place 
on single phase starters. 


V “JOG-RUN” SERVICE WAVE washes 
ACCESSORY—The first man- 
ual starter with a “Jog-Run” ac- 
cessory for fast, easy positioning. + thom ap "Gene ne 


tnsert “Jog-Run” selector 
+ knob in hole “A” 


seLicToR KNOB 
WRITE TODAY FOR BULLETIN 11-Bl, 


1067 McKEE ST., BATAVIA, ILLINOIS 
AS8 


FURNAS ELECTRIC COMPANY | 


BATAVIA, ILLINOIS 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES | 


the modern thin insulations help 
the eggs to hatch and later on to 
work, which is my reason for the 
friction tape and the sodium flu- 
oride.—H.S. 


Speed of Fans 


QUESTION W35—Which is more 
economical and efficient—a motor- 
ized small fan at high speed or a 
large fan at slow speed? Both de- 
liver the same quantity of air at 
the same velocity. Is there a for- 
mula for determining the best size 
fan speed and number of blades ?— 
E.B. 


ANSWER TO W35—Much depends 
upon your definition of economy. A 
high-speed motor draws less current 
from the line than a slow-speed 
motor of the same horsepower. A 
fractional-hp circulating fan motor 
operating at 850 rpm draws ap- 
proximately 25% more current than 
one operating 1725 rpm. Code 
Tables 21, 22, 23, and 24 have been 
revised upward because of the re- 
cent increase in the number of 
slow-speed motors. These tables 
have notes stating that very low 
speed motors may draw even more 
current than shown in the revised 
tables. 

But why the trend toward lower 
speeds in these motors? It is cer- 
tainly not done merely for the sake 
of using more current. It is done 
to increase overall efficiency in 
plants and offices by the reduction 
of the noise and of the annoyance 
experienced from the blasts of high- 
speed fans. Hence, there is an in- 
crease in overall plant economy in 
spite of the minute increase in cur- 
rent consumption.—W.R.S. 


ANSWER TO W35—As a general 
statement, the large fan at slow 
speed is more efficient than a small 
fan at high speed. This is depend- 
ent, of course, on such factors as 
air volume, static (output) pressure 
and type of fan. For a propeller 
exhauster the noise level and vibra- 
tion produced may be determining 
factors in fan selection, for both 
these items will increase markedly 
with an increase in speed. 

Since handbooks list some 14 
items which affect the design of a 
fan, it is obviously difficult, if not 
impossible, to give a single concise 
rule for determining the best fan 
speed and number of blades (see 
Mark’s Mechanical Engineer’s 
Handbook). Except on _ direct- 
motored units fan speed is usually 
the last item of concern. 

Probably the best guide is to 
refer to a standard manufacturer’s 
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NEW 
yew a U CAN DEPEND 


SCREW ANCHOR 


FOR HOLLOW WALL CONSTRUCTION 
NEW DESIGN POR ABL CORD 


NEW FEATURES 


The only plastic screw 





anchor with “toggle- 
bolt" action. Just drill 
hole . . . insert Wally 
. turn in screw. Low- 

er end backs up and 
bulges behind wall ma- 


terial. Holds perma- Put it to the test on your work... 


nently. see for yourself why so many leading 


contractors and maintenance men in- 
sist on Portable Cord and Cable with 

: : the familiar and trusted Royal brand. 
ONE SIZE WALLY = You'll find Royal goes all the way to 
fits in 4" hole 


handles screw J Sold in cartons of 100, or 
sizes 6-10 handy plastic kit incl. screws } cord ... with durable, handy pack- 


produce easy-working, long-lasting 


oe : ging for maximum protection and 
aging fe ax otection a 
SEND FOR FREE SAMPLES ‘ Gaks 


time-saving workability. 
NEW SNOUT , Check your cord and cable stocks, to- 
DRIVE-STRAPS > <a ; day. See your Wholesaler about Royal 


Rubber, Neoprene, and 


PLASTIC ANCHORS 4 : : | Plastic-Jacketed Cords .. . 


Royal Thermostat Cable... 
FOR CONCRETE, BRICK, CINDER BLOCK ae I: 
Royal Machine Tool Wire 


an 











MACHINE SCREW ... Royal Lamp and Fixture 


LEAD ANCHOR KITS + Wires .. . and Royal “Powr- 


Kord” Heavy Duty Exten- 
BAKELITE SCREW-ON 


oi y sions. Or write for catalogs, 
r] WIRE CONNECTORS re 


AND THE NEW LOK-IT WRENCH 1€ “4 giving wholesaler’s name. 


TAPE-MATE WINDER 


AND FISH TAPE REELS 











RIGID & TW CONDUIT 


“SNAP-STRAPS” 


MUSHROOM HEAD 


TOGGLE BOLTS 























MAIL COUPON FOR 
1959 "HI" CATALOG 


() SEND "WALLY" SAMPLES ELECTRIC i i 





NAME 


aa ROYAL ELECTRIC CORPORATION * PAWTUCKET R. |. 


CIty STATE 


HOLUB INDUSTRIES, Inc. 


442 ELM ST. « SYCAMORE, ILL. 





-+. @n associate of 
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Save Space, Time, Maintenance 


@ Compare the installed cost of cable in conduit or duct with Husky 
cable-in-free-air support systems. With Husky this cost is less. 


@ Compare the weight and cumbersome nature of conduit and duct- 
work with Husky cable-in-free-air. Husky racks, troughs, trays and 
baskets are lightweight, easy to handle, and the system is flexible, eliminat- 
ing pull boxes and many splices. Save space . . . save time. 


@ Compare the maintenance costs and difficulties of adding more lines 
or making repairs with duct and conduit versus Husky maintenance-free 
aluminum supports, which are always accessible for making alterations. 


Finally, compare other cable-in-free-air support systems, with the elec- 
trically as well as structurally sound Husky Cable Support System. When 
you've made the comparisons you'll understand why Husky is preferred 
by sO many owners, engineers and contractors. 


Want proof? Write for free complete line Catalog or 
send us your cable support problem for analysis. 


Representation from coast to coast 


PRODUCTS, INC. 


5304 Vine Street Cincinnati 17, Ohio 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 








catalog and find a unit providing 
the desired characteristics. While 
all the data needed to design a fan 
is not given (number of blades, 
pitch, angle etc.), you can get an 
idea of how your specific problem 
has been solved by others. Fan 
manufacturers have relied for years 
on trial and error solutions for orig- 
inal design, followed by the use of 
dimensional analysis.—H.S.E. 


Can You Answer 
These QUESTIONS 


QUESTION G36—our rural distri- 
bution system has approximately 
500 water heaters of various sizes 
in a certain substation area. We 
plan to install control equipment in 
this corporation-owned housing. 

Our wholesale power rate is ca- 
pable of a reduction of a kilowatt 
in the monthly billing demand to 
reduce the bill approximately $1.50. 
It is estimated that our mainte- 
nance and operation costs for the 
equipment will average $2.79 per 
unit per year. We have price quo- 
tations from leading jobbers for 
the control systems, minus acces- 
sories. These include potential 
transformers, transformers, light- 
ning arresters, meter sockets, fused 
cut-outs, wire, conduit, buildings 
and the cost of the installation 
totalled to the prices at hand. 

Has any reader sufficient experi- 
ence to tell us how much can be 
profitably invested in the water 
heater control equipment for our 
premises ?—P.C.Z. 


QUESTION H36—Recently we in- 
stalled an electric heating element 
connected 3-phase delta. The power 
supply is from two transformers 
connected open delta. The current 
in two phases is 28 amps and in one 
phase, 12 amps. Are all open delta 
connections this far out of balance? 
If so, Why ?—H.G.R. 


QUESTION J36—There are differ- 
ences of opinion on installing bear- 
ings on motors. Some say heating 
in oil is proper, while others believe 
in using a press. We have used a 
cone heater to expand the inner race 
until it will slip on the shaft. Then 
it is left to cool. This procedure 
has been used for years. Does any- 
one have any other ideas ?—E.S.H. 


PLEASE SEND IN 
YOUR ANSWERS BY JUNE 15 
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KLEIN 


THE THRILL THAT 
oe} 1S aiciele} oma ceje)S) 
CAN GIVE 


“Since 1857” 


It’s a pleasure to use good tools 
—pliers that grip tight . . . that 
cut through tough wire easily... 
that reach confined spaces. 


Linemen and electricians 
know that they can rely on their 
Kleins—side cutters, long nose, 
oblique cutters—famous for 
quality for a century. 

There is a Klein Plier exactly 
suited to every electrical need— 
carried in stock by better elec- 
trical suppliers everywhere. 


FREE POCKET 
‘TOOL GUIDE 


A free copy of the new 


Klein Pocket Tool Guide 


will be sent on request 
without obligation. 


Mathias comma ILE IN & Sons 


1200 M aU ~ ROAD + CHICA 
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EAGLE HAS NO DOUBLE STANDARD 


* No Secondary Line 
* Only One Quality . 


THE BEST 


* UL APPROVED 
¢ SPECIFICATION GRADE 
* POPULARLY PRICED 


Cat. No. 827 


PARALLEL “U’’ GROUND 
DUPLEX RECEPTACLE 
15A-125V 


Available in 
Brown or Ivory 


e EASY WIRING HOLES FOR SPEEDY SNUB WIRING 


Easy—Positive 


Double Wipe Connections. 


Phosphor Bronze 

T Contacts... 
Virtually 
Indestructible > 


Large Head 
Binding Screws 
Take To #10 Wire 
Polarized Parallel 
Ground Thru Hex Slots Accommodate 
Green Grounding Both Regular and 
Screw — Or Thru P Polarized 2 Wire 
Strap ; Caps 
nae Heavy Yoke Extends 
Over Entire Back— 
Sits Better in 
Box — Will Not 
Loosen 


7%" Long 
Mounting Screws 


Attached To Strap 
PLU S— convenient “BREAKOFF” FEATURE TO PROVIDE 
TWO CONVENIENT CIRCUITS, IF DESIRED. 

For Use on 125 Volt Grounding System. With Equipment Made in Accordance 
With the New National Electrical Code. 

Never before a Parallel “U’ Ground Receptacle acclaimed as this EAGLE 
No. 827. It has everything you want including competitive price, excellent 
features for quick and easy wiring, perfect engineering to eliminate callbacks. 


SPECIFY EAGLE—do not accept substitutes 














SURFACE RANGE RECEPTACLE 


with FABULOUS, QUICK WIRING 
“QUIK-LOK” PATENTED TERMINALS 


No fooling—no fussing with these excellent “QUIK- 
LOK" terminals. Just flip open top lug, put in cable 
flip down lug, tighten screw to lock. “Protects’’ ter 
minals, assures solid, positive contact Speeds wit 
ing. Saves time, trouble—and money 


CLOSED 


No, 112B—BROWN 
No. 112V—IVORY 


3 wire polarized 
50A-125V 
Underwriters’ Listed 


EAGLE ELECTRIC MFG. CO., 


N 


“PERFECTION Is NOT AN ACCIDENT” 
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INTERCOM 
TELEPHONE SYSTEMS 


* Gohools and 


Dormitories 
oS 


REGISTRAR ee ae 


s — ++ 


DORMITORY LIBRARY 


| 
}\I 


CAFETERIA . 


| 
CLASSROOM +2 


, r | & 


XA 


| 


_SPFS 








ys a x 
— | =) 
The most efficient and least expen- 
sive method of voice communica- 
tion between a central point and a 
number of outlying points. Various 
systems available . . . no limit to 
capacity. Some advantages of 
AUTH Intercom Telephone Systems 
are: 
© Privacy of conversations 
® Low initial investment 
® No rental charges 
® Simple installation, operation, and 

maintenance 
For dormitories, each room telephone avail- 


able with visual indication of call received 
during absence at only small extra cost. 


For further details on AUTH Intercom Tele- 
Phone Systems, clip the coupon below and 
mail now. 


AUTH ELECTRIC CO., INC. 
Dept. EC-S 34-20 45th St. 
Long Island City 1, N. Y. 


OC) Please send catalog dota on AUTH intercom 
Telephone Systems 


( Please have your representative call 


Compony__ 


sauce aee een ee eee 





Questions on 
The Code 


Answered by: 


B. A. McDONALD, New York Board of Fire Underwriters, Rochester, N. Y. 
B. Z. SEGALL, Consulting Electrical Engineer, New Orleans, La. 


Continuity Over 
Flexible Conduit 
Connectors 

Does flexible metallic con- 


Q. duit terminated with metal- 
lic connectors provide a continuous 
ground? 

Does liquid-tight flexible metal- 
lie conduit terminated with liquid- 
tight connectors having metallic 
ferrules provide a_ continuous 
ground ?—L.C.D. 


A According to the provisions 
e of Section 2574 of the code, 
“The electrical continuity of metal- 
lic raceway systems and cable 
armor that are to serve as ground- 
ing conductors shall be assured. 
At points where raceway or armor 
connects to metal enclosures, any 
non-conducting coating which 
might interrupt such continuity 
shall be removed unless fittings are 
used which are so designed that 
such removal is unnecessary.” 

This code provision concerns that 
part of the wiring system beyond 
the service equipment when the 
voltage does not exceed 250 volts 
to ground. When service equipment 
is involved, the provisions of Sec- 
tion 2571 and 2572 apply. When 
voltages exceed 250 volts to ground 
the provisions of Section 2575 ap- 
ply. 

The status of flexible conduit 
with respect to its use as part of 
a raceway containing service en- 
trance conductors is covered by 
Section 2383-c. This rule requires 
that the flexible conduit be bonded 
by a copper conductor not smaller 
than No. 8. The occasion for the 
rule concerns the situation which 
results when a_ service-entrance 
conductor becomes grounded. With 
the neutral conductor grounded and 
connected to the service equipment, 
the fault current follows a short 
circuit over the flexible conduit. 
Since the short circuit current is 
primarily limited by primary fuses 
on the distribution system, a heavy 
current will flow over the flexible 
conduit and its connectors. Such a 
high impedance path in the ground- 
ing circuit usvally results in arcing 
at the connectors and excessive 


heating of the flexible conduit. In, 
fact the flexible conduit could be 
destroyed before the fault is 
cleared. In order to avoid such a 
hazard the code requires the flex- 
ible conduit to be bonded. 

When flexible conduit is used as 
a wiring method beyond the service 
equipment, and the voltage of the 
conductors it contains does not ex- 
ceed 250 volts to ground, the con- 
tinuity of the flexible conduit with 
conventional connectors is con- 
sidered sufficient to satisfy the pro- 
visions of Section 2574. The situa- 
tion is quite similar to that which 
prevails when armored cable is 
used. 

When flexible conduit is used for 
enclosing conductors which oper- 
ate in excess of 250 volts to ground, 
the provisions of Section 2575 ap- 
ply, or the bonding provision of 
Section 2572-d could be used. Sec- 
tion 2575-a recognizes threadless 
fittings, made up tight, with con- 
duit or armored cable. Threadless 
fittings are necessarily used with 
flexible conduit but the connection 
to the box enclosure should be forti- 
fied by the use of two locknuts as 
covered by Section 2575-b, or by 
threaded hubs integral with the 
box. In the case of flexible conduit 
connections to motors, where vibra- 
tion is a factor of importance, it 
appears that the short section of 
flexible conduit ordinarily used 
should be bonded. While the code 
does not require such procedure to 
be followed, this method has been 
used by many who know from ex- 
perience that the use of flexible con- 
duit at motor terminals is vulner- 
able to mechanical abuse and vibra- 
tion, and believe that the minimum 
code rules do not adequately cover 
this particular application. Liquid- 
tight metal conduit is also an 
answer to this problem. 

Insofar as liquid-tight flexible 
metal conduit is concerned, it ap- 
pears to me that the threadless fit- 
tings designed for use with this 
type of flexible conduit and ap- 
proved by UL fully satisfy the pro- 
visions of Section 2574 and 2575. 
Such fittings serve the dual role of 
providing a liquid-tight connection 
and a mechanical connection to the 
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DISTRIBUTION @ BRANCH CIRCUITS @ FEEDERS 


WHEN OPERATIONS REQUIRE 
75°C Wet or Dry Building Wire 


75°C Wet or Dry RR Power 
Cable 

85°C Wet or Dry-RR Ozone 
Resisting Power Cable 


75°C Power Cable, 
Dry Locations 


75°C Power Cable, Wet or 
Dry Locations 


85°C Overhead Ozone Resisting 
Power Cable 


110°C Power Cable, 
Dry Locations 


110°C Power Cable 
150°C Power Cable 


SELECT 
Collyer RHW 


Collyer Style RR 
(RHW Insulation) 
Collyer Style RR 
(Butyl Insulation) 
Collyer VCB with 

or without inter- 
locking armor 
Collyer VCL with or 
without protective 
neoprene sheath 
Collyer Self-Supporting 
Aerial Cable (Butyl 
Insulation) 


Collyer Type AVA een 


Collyer Type AVL 


Collyer Silicone Power 
Cable 





WHEN THE CALL IS FOR CABLE... 
CALL FOR 


SERVICE CABLE 


75°C Wet or Dry 
Service Cable 


75°C Wet or Dry Overhead 
Service Cable 


SWITCHBOARD WIRE 
90°C Switchboard Wire 
90°C Switchboard Wire 

CONTROL CABLE 


75°C Wet or Dry Small 
Diameter Control Cable 


75°C Wet or Dry RR Ozone 
Resisting Control Cable 


PORTABLE CABLES 
Portable Power Cords 


Heavy Duty, Without Ground 
Heavy Duty, With Ground 


—— 


Collyer SE Style U or A a —— 


Collyer Neutral Supported ste 


Service Cable 


Collyer Type AVB Fae 


Collyer Type TA 


8 ice eel secon: SRE TIRE 





Collyer C-141 (Poly- 
ethylene, Nylon, PVC) 


Collyer RR Control 
Cable (Oil Base Insulation) 


Collyer SJ or SJO, Light Duty 
Collyer S or SO, Heavy Duty 


Collyer Type W 
Collyer Type G 


comyplite ditails, write 


Collyer Insulated Wire Company 


265 Roosevelt Avenue 
Pawtucket, Rhode Island 











General Electric 


a TWIN CONDUIT >, 
COUPLING _i— END CLOSURE 


PANEL BOX 


BOX ENTRANCE 
CLOSURE PLATE 


BOX ENTRANCE 
ADAPTER 


ADJUSTABLE 
45° FLOOR ELBOW 





«a 











4 











3. The G-E two-level duct system for lay- 
outs requiring great flexibility of feeding 
arrangements. 


2. The G-E single-level BIG DUCT system 
for standard layouts where greater feeding 
capacity is required. 


1. The G-E single-level standard duct sys- 
tem for installations where a standard 


underfloor layout is desired. 
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announces new... 
BIG DUCT 


i UNDERFLOOR WIRING SYSTEM 





Large-capacity duct meets 
growing electrical needs 


Here’s your answer for standard layouts that need greater feeding 
capacity than you can get with a standard-size, single-level duct sys- 
tem. It’s General Electric’s new single-level steel BIG DUCT system, 
utilizing duct with an 8'%-inch cross-sectional area. The system in- 
cludes boxes, components, and accessories necessary to utilize BIG 
DUCT either by itself or in combination with the G-E single-level 


standard duct. 


Junction boxes have been provided to accommodate runs of BIG 
DUCT as well as several combinations of BIG DUCT and standard 
duct. All height and leveling adjustments are made outside the box» 
making it unnecessary to remove the cover. Duct entrances have been 
spaced so that, by using plugs and/or reducers, the new system may, 
if necessary, be used in connection with the duct and boxes of the 
G-E single-level standard duct system. The new General Electric 
INSERT single-level steel BIG DUCT system can be installed in any type of 


MARKER CAP 
‘/_ ouct END CAP | floor construction that has a minimum fill thickness of three inches. 


LS | 
ee 5 | Progress /s Our Most Important Product 


“om GENERAL @@ ELECTRIC 


installation requirement 


Te eat REENEE General Electric Company 
G-E systen BUM MCEECCTae Conduit Products Department, Section CU-87-518 | 
beads nd tt mail Bridgeport 2, Connecticut 


Please send me full information on: 


(G.E.’s new BIG DUCT wiring system and single- and two-level steel under- 
floor wiring systems. 


"]G.E.’s outstanding cellular-steel floor wiring system. 
Name 

Title 

Company 


4. TheG-E cellular-steel floor wiring system 


Address 
which permits outlets in every 6 inches of 


floor area, 
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Pull Cable Fast 


through open or concealed conduit with 
Greenlee Electricians’ Cable Puller... 


Cable can be pulled at any 
angie from any onvenient 
location with a GREENLEE 
No. 765 Cable Puller as 
hown here. Puller may be 
hand-operated, as shown at 
left, or power-operated, with 
any portable electric drive 

shown above. Drum swiv 
els to give complete operat- 


Tale Meal -telgelsla 


Here’s the way to simplify large-size cable pulling. With a 
GREENLEE No. 765 Electricians’ Cable Puller on the job you get 
it done far faster ... easier... and at far less cost. This powerful 
puller exerts a maximum pull of 7,500 pounds and has two operat- 
ing speeds ... one for fast work, the other for a steadier, heavy pull. 
At all times the pull is in line with the conduit... no strain on the 
hangers. Portable, easy to set up and operate. Use it for exposed or 
concealed conduit... high up, in close quarters, or out in the open. 
See your electrical distributor for details on this timesaving 


GREENLEE equipment or write for descriptive literature. 


Cut conduit holes quickly, easily 


with Greenlee Knockout Punches 
Complete range of knockout punches to 
make openings for all standard conduit 
sizes '4"- 5". Fast, easy cutting through 
10-gauge metal. Every cut is quick and 
clean — slug falls free in die. Hand, ratchet, 


or hydraulic driver operated. Wide choice 


of sets. 


OTHER GREENLEE TIMESAVING TOOLS FOR ELECTRICAL WORK... CONDU/T BENDERS, 
KNOCKOUT PUNCHES, KNOCKOUT PUNCH DRIVERS, PIPE PUSHERS, BORING TOOLS 


GREENLEE TOOL CO al al 


1759 Columbia Ave., Rockford, Illinois 


box or enclosure. To satisfy the nrst 
condition, the second is likewise 
satisfied. It is significant to 
note that the provisions of Sec- 
tion 3511 definitely require that 
the terminal fittings used with this 
type of flexible conduit be approved 
for the purpose. Such terminal fit- 
tings, listed by UL, assures an effec- 
tive grounding connection when 
properly installed. The ferrule, or 
grounding bushing, to which you 
refer is a component of the con- 
nector assembly and serves the pur- 
pose of providing an adequate 
ground path over the connector.— 
B.A.McD.—5/59/1 


Rating of 
Disconnecting Means 


We have a 3-phase sealed 

© (hermetic type) refrigera- 
tion compressor motor marked full 
load current 32 amps, locked rotor 
140 amps. What size horsepower 
rated switch would be required for 
the disconnecting means? Would 
Section 4403b and Table 25 govern 
the size horsepower rated switch 
used for interrupting capacity?— 


C.T. 


A Based on the full load cur- 
e rent the hp rating of the 
disconnecting means would be ob- 
tained from Table 24 of Chapter 10 
(new Section 430-150). In the third 
column from the left in this Table 
it will be found that a 220-volt 
motor rated at 27 amps full load 
current corresponds to a 10 hp 
motor. The value of 40 amps full 
load current corresponds to a 15 
hp motor. 

For the 32 emps value we have, 
it would be necessary to interpolate 
for the hp value, as follows: 


32 — 27 " 
(1f )) $ ) 
ES +s 15 I¢ | + 10, 


5 
+10 =1.9+ 10 =11.9hp 
[5x5] + | l l I uy 


Since, as a practical application, 
it will be found that the disconnect- 
ing means will be rated either as 
a 10-hp or a 15-hp switch, this 
actual value will, therefore, have 
no practical significance. We would, 
therefore, have to use a disconnect 
rated at 15 hp on the basis of the 
full load current rating of this 
motor, 

On the basis of locked rotor, 
Table 25 of Chapter 10 (new Sec- 
tion 430-151) would be applied. 
Here we note that the 140-ampere 


locked rotor value is between a 73 
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LIGHTING 


f oy my 


TULITO 


TAPERED | STEEL 
LIGHTING | TUBES 


’ 
For @ Baseball Di nonds 


@ Football Fie 
@ Playground 
@ Shopping 

@ Truck Termis 
@ Railroad Ya 
@ Race Tracks” 
@ Radio and 
@ Transmissic 


Engineered for Perman 
Safety... 5 

Designed to accommodate 

Streamlined to enhance th® 


: % 


lighted area. 


ters 
als 
ds 


Towers 
Power Lines 


lace, Strength and 


am 2 to 40 lights. 
ppearance of any 


MEYER MACHINE, INC. 
RED WING, MINNESOTA 
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Fast-Cutting 


Precision-Made Greenlee Tools 
for Electrical Installation Work 


Hifi 


Vd 


high-quality bits and 
extensions for every power 
drill or brace job 


Installations go smoother, faster when 
you standardize on precision-made 
GREENLEE tools. Power drill and hand 
brace types ... various styles and lengths 
for all types of electrical work. All of 
highest quality materials, carefully heat- 
treated and made with correct design for 
fast, accurate boring and long life under 
hard usage. 


The GREENLEE line includes Electricians’ 
Auger Bits and Power Bits, Solid-Center 
Auger Bits, Bell Hangers’ Drills, Expan- 
sive Bits, Pipe Bits, Ship Augers, and 
Extensions. 


GREENLEE Power Bits for 14" and larger 
chucks feature new hexagon shank for 
positive drive. Eliminates slippage on 
tough power boring jobs. See your dis- 
tributor for these timesaving tools or write 
for descriptive bulletins. 





new Z/P BIT 
wood boring power bit 
and extension 


Greenlee No, 33 
spade-type elec- 
tric drill bit with 
exclusive nonslip 
hexshank. Bores in 
any wood, at any 
angle, any speed. 
@ Hex shank gives 
positive, nonslip 
drive .. . added 
strength. 


@ Chucks quickly, 
accurately in any 
Y%” or larger elec- 
tric drill. 


® Cutting edges 
easily resharpened. 


@ 13 sizes 4"-1” 


No. 901 Bit Extension for 
Greenlee ZIP BIT. Hex shank 
fit “%” electric drills, 12” 
length. Holds all bits with 
Ye” shank, 


OTHER GREENLEE TIMESAVING TOOLS FOR ELECTRICAL WORK: CONDUIT BENDERS, 
PIPE PUSHERS, KNOCKOUT PUNCHES AND DRIVERS, CABLE PULLERS 


GREENLEE TOOL CO = 


1760 Columbia Ave., Rockford, Illinois 
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NOW! strip 
UF CABLE 


with 


QDEAL 


AUTOMATIC 


WIRE 
STRIPPERS 


With the “E-Z” it’s easy to strip the 
outer sheath and web, then the inner 
conductors (2 or 3 wire 12 or 14 ga.) L 
from non-metallic sheathed cable — / =. 
without cutting, nicking or other dam- 1. Clamps wire 
age to the wire ends, The “E-Z” Auto- 

matic is lightweight yet durable all- 

steel construction for long, heavy duty 2} \ 
service life. Available in 5 other 
models for stripping various types of 
wire from 8 through 26 ga. 


2. Cuts insulation 


J 
r 4. Lever automat- 
ically stops return 
of arms until wire 
is removed. 


3. Strips it off 








. » + and for ordinary non-metallic cable 


DELUXE CABLE RIPPERS 


A practically designed mechanic’s tool for 
quickly and easily ripping the outer sheath 
from non-metallic covered cable up to 
," O.D. Faster—just insert the cable, 
set blade depth and rip away. Rigid frame 
and cradle assure straight cut. Replace- 
able steel blade; durable aluminum rip- 
grip for speed and safety. 


Sold through America’s Leading Distributors—In Canada: Irving Smith, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. 
1041-E Park Ave., Sycamore, Illinois 


Please send us your catalog on the complete line of Ideal 
Electricians Tools 


NAME____ 
COMPANY. 
ADDRESS__ 


CITY. Se SS 


on---------------7 








hp (182 amps in the fifth column 
from the left) and a 10 hp (162 
amps). We could find the actual 
hp by interpolating as above, but 
here again this actual value would 
not have practical significance since 
the disconnecting means hp rating 
for the full load current value is 
larger than this locked rotor value. 
The code in Section 4403b (new 
Section 430-110b) requires that the 
rating be based on the larger of 
the two values obtained. 

The full load current rating in 
this case is the larger of the two 
ratings so its value of 15 hp would 
be used for the disconnecting means 
rating.—B.Z.S.—5/59/2 


Transformer Vault 
Construction 


Q If a person wishes to install 
© a transformer vault in the 
basement of a new home or small 
business building (about 25 kva to 
50 kva load) what are the require- 
ments for the vault and the under- 
ground primary? The plan is to 
install 15,000-volt cable and oper- 
ate it at 4160 Y for the present. 
How would the cost of this cable 
(about 100 ft) compare with the 
cost of about 120 ft of 250 M.C.M. 
RH-RW wire?—R.E. 


The construction of a trans- 
e former vault is covered by 
Section 4542 of the code. An excep- 
tion however is made by Section 
4523-a when the total kva capacity 
is not over 1124 kva. Under such 
conditions the vault may be con- 
structed of reinforced concrete not 
less than 4 ins. thick. Other perti- 
nent provisions covering doorways, 
ventilation, drainage, etc. are cov- 
ered by Sections 4543 through 
4548. Reference to Section 4542 
further indicates that forms of fire 
resistive construction, other than 
specified, may be used provided they 
have adequate structural strength 
for the conditions and a minimum 
fire resistance of two and one-half 
hours according to ASTM Fire Test 
Standard E119. The quality of the 
material used in the construction 
shall be of a grade approved by the 
inspection authority having juris- 
diction. 

Code provisions covering the un- 
derground primary service to the 
transformer vault are covered by 
Section 2387, and the primary dis- 
connecting means and overcurrent 
protection is covered by Sections 
2388 and 2389 respectively. Here 
again an exception to the code rules 
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of 
SAFETY! 


Mr. SAFETY-GRID A Complete Line for Every 


That’s the record attained by Electro- 
mode. The foundation of this exclusive Ss + 

safety principle is the Safety Grid heat- pecification ees Every Job! 
ing element, a finned aluminum casting 
with all electric wires completely sealed 
inside. It has become famous through 
the years for its positive protection 
against fire, shock or burn. 





Today, Electromode heaters are made 
in more than 100 different models for: 


HOME - INDUSTRY - FARM 


ELECTROMODE BASEBOARD 
ELECTRIC HEATERS 


Commercial 


SSSSSSSSSSSSSSSSSSESESSESHSSEEHESHESSSSSHHEEESEHSSEESESESSSESSSESESESEe 


Spread radiant warmth along outer walls, 
under windows and across floor. Controlled 
by room thermostat. Completely flexible to 
room design. 
WALL-TYPE FAN-CIRCULATING 
AUTOMATIC HEATERS 


BEB j 
= 


Quick, Economical 


RLM Dynaij 
‘ | ynalite 
Heat for Bathroom ad E 7 , ; and Economy 


or Small Room 


Down-flo Heat 

for Gin eee : Industrials 
ELECTRIC INSERT ; 
DUCT HEATER 


for 
PACKAGE AIR 
CONDITIONING UNITS s : . 
Made in 2 models: DH-3, 3KW and Mitchell Lighting Com- 


Hp ee 240 volts, single or pany gives you the finest 
design and engineering in 


SUSPENSION-TYPE Fluorescent Lighting. 
UNIT HEATERS Established more than 25 
a te ab ae years ago Mitchell Light- 

34, 150 to 153, 675 btu ing experience in design, SHOPS ESESESESESESESESEEEEEE 


Portable Models engineering and manufac- 
ee turing is your guarantee 


of quality lighting equip- 
able organization. = 1 40d Slimline 


In designing these heating systems, Electro = 5 
trips 


mode had the contractor as well as the user 


in mind. 


SS 
© EASY TO INSTALL © SATISFIED USERS = 
© NO CALL BACKS —* PROFITABLE LINE LZ 
TO HANDLE WAP EE 








All your requirements from one reliable source 











ine 





i Ai: 
an 


P Write for complete information s nance. ae 
ELECTROMODE AAITCHELL LIGHTING COAAPANY 


division of Commercial Controls Corp. 
Dept. ECM-59, 570 Culver Road DIVISION OF COMPCO CORPORATION 


Senne SON 1802 North Spaulding Avenue e Chicago 47, Illinois ¢ U.S.A. 
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Installing 
Gable... 


ARMORED... 
NON-METALLIC 
JACKETED... 
LEAD-COVERED? 


this PLM catalog of 
terminating, splicing 
and ventilating 
accessories can save time and money! 


Don’t let terminating or splicing problems hold up needed 
cable installations! You can find correctly designed answers to 
them, fast, from PLM — whether your requirements call for 
standard or special items. 


PLM Catalog 301 lists more than 1200 standard types and sizes 
of terminators, splices, conduit ventilators and unit package 
kits for making splices and terminations in cable installations 
through 23 kv. Speed up planning, ordering and installation. 
Write for your copy today. PLM Products, Inc., 3875 W. 150th 
St., Cleveland 11, Ohio. 


yp Terminators 
Splicing Kits 
4 Conduit Ventilators 


is made when the vault is under the 
sole control of the supply company. 

In view of the many variables 
which enter the picture, and in the 
absence of specific details, it is diffi- 
cult in any article of this nature to 
give a definite answer to your ques- 
tion. I know from experience how- 
ever that the electrical utility, the 
local inspector and the insurance 
carrier are concerned with such a 
primary installation, and _ they 
should be consulted before any ac- 
tion is taken. 

Since the cost of materials is be- 
yond the scope of “Questions on the 
Code,” I would suggest that you 
contact a local electrical supply 
house for the cost of the materials 
involved with a primary or second- 
ary service.—B.A.McD.—5/59/3. 


Non-Metallic Sheathed 
Cable Supports 


Q 1—Is it the intent of Section 
© 3362-a of the NEC to permit 
non-metallic cable to be run in the 
voids of concrete block walls with- 
out supporting the cable within 12 
ins. from every outlet and at inter- 
vals of 44 ft as required by Section 
3363? Section 3363 states that the 
cable shall be secured with “ap- 
proved staples, straps or similar fit- 
tings.”’ Some interpretations to this 
requirement conclude that a box can 
be placed in a concrete block wall 
and the cable run in the voids of the 
wall without securing the cable. 
(Refer for instance to illustration 
in Segall’s Electrical Code Dia- 
gram. ) 

The situation with NMC cable is 
a little different (Section 3362-b). 
It can be assumed that this cable 
can be embedded in masonry as it 
is not specifically stated that it can- 
not be as it is for NM cable in para- 
graph (a). The NMC cable could 
be embedded in the mortar between 
the blocks and would then be essen- 
tially secured, however not with 
“staples, straps or similar fittings” 
as stated in 3363. 


Q 2—In connection with this 
© 


same type of wiring method 
Paragraph 3707 states that boxes 
shall be held in place by concrete, 
masonry or other building materials 
in which they are “embedded.” In 
laying up a concrete block wall sec- 
tions are cut out of the blocks and 
the switch boxes installed after the 
wall is up by pulling the cable 
through the voids in the wall. The 
boxes are grouted in with a cement 
and sand mixture. It seems that 
there is the possibility of the box 
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-the Reliable 


KNOPP 


Voltage Testers 
can “‘take it” | 


have 
hits 
Patented 


\ Prod- 


Cost Less ! 


You don’t baby the Knopp Voltage Testers. 
They’re built to withstand the shocks of rugged 
daily use. 


To save your time in testing you get the — 
inal patented Prod-Mount in the housing, ma 
ing this tester easier and safer to use. You get 
the safety of dual indication of voltage by 
solenoid and neon lamp working independently. 
The scale readings are positive. Signal is by 
— and vibration. Insulated for maximum pro- 
tection. 


It tells quickly if the circuit is open or closed; 
magnitude of voltage between 110 and 600 a-c 
or d-c, pure or rectified; 25 to 60 cycles. 


The Knopp Voltage Testers have won fame 
from coast to coast among engineers, electri- 
cians and power companies. So why pay more 
for a tester when the Knopp Voltage Tester 
gives you more features and more value at 
less cost. 


There are two models to choose from; pick up 
one at your dealer today or write for illus- 
trated, free descriptive Bulletin No. 425. 


The KNOPP 
Phase Sequence 
Indicator 
60 v. to 600 v.; 25 
to 60 cycles; Ro- 
tating Indicator 
shows sequence 
A-B-C or C-B-A, 
Lightweight. Com- 
pact. Big time- 

saver. 


KNOPP INC. 


Founded in 1928 by Otto A. Knopp under the 


name of Electrical Facilities Inc. 


Dept. A-3 
1307 66th Street Oakland 8, Calif. 
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BEND CONDUIT EASILY 
and ACCURATELY with 
a real on-the-job tool! 


~<+— OPERATING LEVER 


Yo" CONDUIT OR PIPE 
¥%,"” CONDUIT OR PIPE 
1” CONDUIT OR PIPE 


CALIBRATED 
DEGREE SCALE 
(RIGID ONLY) 


BUILT-IN 
SQUARE 





STURDY STAND 


BUILT-IN SCALE 





* ILLUSTRATED: 
No. 1 for bending 2”, %4” 
and |” rigid conduit 


RUGGED...PORTABLE...SIMPLIFIED 


These are complete machines of all steel construction and their light 
weight (*66 Ibs. including stand) make them a real on-the-job tool. 
There are no loose parts to be misplaced or lost and the only main- 
tenance is an occasional drop of oil. You get accurate bends every 
time ...no strain, slipping or loose parts to worry about. Benders work 
equally well on aluminum or steel conduit. Ask the electrician who is 
using one; he will tell you it's the finest tool available and at a price 
that is eminently reasonable. 


BENDING CIRCLES: INSIDE RADIUS 


No. 1 No. IT 
conduit or pipe 2 EMT 3 





conduit or pipe 4% EMT 4'4 


conduit or pipe 5% EMT 6'4 


No. 2 





1%” conduit or pipe 7“, 


14” conduit or pipe 8% 








Write for FREE Illustrated Folder 
on How to Bend Conduit 


LIDSEEN 
OF NORTH CAROLINA, INC. 


1050 FIRST STREET, HAYESVILLE, NORTH CAROLINA 
PHONE HAYESVILLE 2000 
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| working loose in time. Would this 
| grouting-in of the box meet with 
the code requirements for “em- 
bedded” or would the boxes have to 
be installed as the wall is laid up? 
It is interesting to note that the 
requirements of Section 3343 for 
armored cable do not require secur- 
ing when the cable is fished. Was 
this intended to include cables in- 
stalled in concrete block walls ?— 
F.D. 


A 1. For the benefit of our 
e readers, Section 3362-a reads 
in part as follows: Type NM cable 
| “may be run or fished in air voids 
a ee : in masonry block or tile walls when 
3-ton truck at's 2 such walls are not exposed or sub- 
ject to excessive moisture or damp- 
ness.” 
Section 3363 reads in part as 
Spring-like ection | follows: 
oF compresses “Cable shall be secured in place 
aeauuee at intervals not exceeding 44 ft and 
ae ah a within 12 ins. from every outlet box 
amazing holding or fitting, except that in concealed 
power work in finished buildings or fin- 
ished panels for prefabricated 
buildings where such support is im- 
practicable, the cable may be fished 
from outlet to outlet.” 

It appears to me that the intent 
of both of these rules is to recog- 
Ramset holding power test conducted by The Austin Co., ' nize the fact that when a cable = 
engineers and builders, Cleveland, Ohio fished through a concealed space, it 
is impracticable to support such a 

p cable as provided under Section 
with 3363. In fact it would be impossible 

to do so without removing sections 
of the building finish, and to do so 


offers austempered fasteners 
SUCH Superior holding POWEL) wow ctiminate the desirable tea- 


ture of fishing the cable from out- 
let to outlet. On the basis of hazard, 


Even under the most demanding workloads, Ramset’s | Shere appears to be no concern. 





‘ : Many of us recall the days when 
austempered Red-Tip fasteners assure more holding | our old houses were wired for elec- 


power and greater fastener strength. Austempering, | tricity. We recall the “artisan” 
Ramset’s high-heat slow-quench treatment, puts extra | electrician who could wire an old 
strength, toughness and dependability into every | house with cable or flexible conduit 
Ramest Red.Tie tastener with very little disturbance to out- 
P ; | side finishes. The art of fishing, by 
Ramset'’s wide variety of fastener sizes puts the right | an expert in those days, was an 
fastener on each job—you don’t have to “‘make-do” | 2chievement for which we have just 
oe reason to be proud. There is how- 

with off-size pins or studs. Ramset assures positive, 


ever a distinction in hazard between 
guaranteed fastenings into tough steel, concrete or | the wiring of a new house and an 


masonry faster and easier, and at lower in-place cost. | old one. In the first case, the wiring 
Consider Ramset’s many advantages and the “100- | is installed during the construction 
for-100" guarantee—call your Ramset dealer (under | Period. It is exposed to injury by 
“Tools” in Yellow Pages) for details. the various mechanics involved, who 
are not particularly concerned with 

the electrical installation. Under 

In addition to powder-actuated fastening, the versatile Ramset such conditions, it is essential that 
System includes Shure-Set hammer-in tools for light fastening, cables be supported. When cables 
and Ringblaster® heavy-duty kiln gun. are fished, they are not exposed to 

exterior mechanical injury and the 

° occasion for support is minimized. 

I IM ee ITOUR | | bclicve Mr. Segall’s diagram cor- 

‘4 rectly illustrates the intent of the 


code on this question, and I also 
WINCHESTER-WESTERN DIVISION + OLIN MATHIESON CHEMICAL CORPORATION beli that th th d f 
12105-E BEREA ROAD - CLEVELAND, OHIO PEEVE a e many ousands 0 
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cic is 


SURE TAKING 


| | Hil | THIS HOSPITAL 
‘= | JOB SERIOUSLY 
poser 





But problems 
with fittings are 
no joke 


Just a burr that isn’t properly 
removed — or a chewed-up 
thread in a fitting can really 
get a fellow steamed up on the 
job. We take a lot of time 
and painstaking care at 
Conduit Fittings to make sure 
your time isn’t wasted. So 
when you need the finest, call 
on Conduit for fittings. 

Write for Free Catalog 


E.M.T. Compression Fittings i = : = Light/per/dollar a 
ce measure of value in lamps 
. . delivered in full meas- 
ure by Champion lamps 
. « + Sound reason for 
_ choosing Champion's as 
your company’s best buy. 


Compression Type E.M.T. Connectors and C p fo ; 
Couplings. Approved raintight—concrete HAM PION 
tight. Accurate machining insures proper wee 


seating of the compression ring anda 
secure fit on the tubing. 





incandescent Fluorescent 


8355 Conduit Futiags | : “ ae af lene 


DIVISION OF U.S. INDUSTRIES, INC. : 
6400 West 66th Street, Chicago 38, Illinois | CHAMPION LAMP WORKS, Lynn, Massachusetts 
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OIL-TIGHT and DUST-TIGHT 


ELECTRICAL 


ENCLOSURES 


Rolled lip 
adds stiffness, 
improves appearance 


Cover screw clamp, 
easy to operate, 
has no loose parts 


Removable 
panel mounted on 
shouldered studs 


Removable 
and reversible 
.._ blue print pocket 


Neoprene gasket 
seals out oil, 
water, dust 


SIZES 
SINGLE DOOR Wall-Mounted 
Units. 18 standard sizes 
ranging from 16°x12°x6" to 
60°x36"x8". 
TWO DOOR Floor- 
Mounted Units. 8 
standard sizes rang- 
ing from 54°x42°x8" 
to 72°x60°x12", 


NEW STANDARD 
CONTROL CONSOLES 


Designed especially for industrial 
use, these cabinets offer the same 
oil-tight and dust-tight advantages 
thot feature “Hoffman” enclosures. 
Our standard 14 gauge steel units, 
shipped from stock, save you design 
expense and delivery time. Sloping 
control panel is removable so you 
can drill holes for pushbuttons, etc. 


An additional upright instrument 
panel as well as handy writing desk 
can be added if desired. All units 
have interior sub-panels. All doors 
and panels gasketed. Standard size 
is 23°x17"x 40", or we can build 
to your specifications. 


Hoffman 





Standard sizes 
immediately 
available 

from stock 


NEMA 12 PANEL 
ENCLOSURES 

These handsome units are ideal for housing 
electrical controls, terminal strips and control 
instruments. Strong, rigid, welded 
construction. Neoprene gasket on door 
protects against dust, dirt, oil, water. No 
knockouts or screw holes. Units are frequently 
used in purged or pressurized systems for 
installation in flammable or dust-laden 
atmospheres. Standard stock sizes, one door 
and two door units. Fast delivery. Made of 10, 
12 and 14 gauge sheet steel. White baked 
enamel interior, gray prime coat exterior. 


Stocked and sold by leading 


eee 


electrical distributors 





PUSH- 
BUTTON 
BOXES 
Oil and dust- 
tight. 14 gauge 
sheet steel. 38 sizes 
in 4 types—Standord, 
Extra Deep, Slim, and Pendent. 
Made to take from 1 to 25 
pushbuttons of any make, 


sic 
WIRING 
BOXES 


Welded seams, 

no knockouts or 

screw holes. 8 sizes. : 
Gasketed cover. 14 gauge 
sheet steel. Gray hammertone 
finish. Panel optional. 





SECTIONAL i 
WIREWAY 

Protects electrical wiring 

from oil, water, dust. Gasketed 
joints and cover. Comesin | to 
10 foot straight sections, with 
all fittings. Sizes: 242", 4° 
ond 6” square. 





Send for catalog 
with complete spec- 
ifications for your 
layout work. We 
can also build spe- 
cial enclosures to 
your specifications. 


ENGINEERING CORPORATION 
Dept. ECM-123, ANOKA, MINNESOTA, Phone HArrison 1-2240 
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old buildings that have been wired 
by fishing is evidence of the safety 
of such procedure. The only thing 
that I see fit to criticize with re- 
spect to Section 3363 concerns the 
last clause which reads as follows: 

“Cable shall be secured in place 
—except that in concealed work in 
finished buildings—the cable may 
be fished from outlet to outlet.” 

The definition of an outlet would 
not include a box containing a 
switch. As a result, you could fish 
between outlets, but you could not 
fish between an outlet and a switch, 
or between boxes’ containing 
switches which occurs when 3- and 
4-way switches are involved. I 
doubt however that such a restric- 
tion ever was intended. 

Insofar as the Type NMC cable 
is concerned, it may be embedded in 
plaster, or it may be run in a shal- 
low chase in masonry walls, and 
covered with plaster as covered by 
Section 3362-b. It cannot however 
be embedded in poured cement, con- 
crete or aggregate as covered by 
Section 3362-c. Under such condi- 
tions of use, it appears to me that 
the support provisions of Section 
3363 should be satisfied before the 
plaster is applied. I do not believe 
that we should depend solely upon 
the plaster to hold the cable in place. 


A.—2. The provisions of Section 
3707-a state that an outlet box, 
unless securely held in place by 
concrete, masonry or other build- 
ing material in which it is embed- 
ded, shall be secured to a stud, joist 
ete. The words in italics antici- 
pate the condition which you have 
described. A box which is inserted 
in an opening of a concrete block 
is not in my opinion embeddc! in 
masonry and I du not believe that 
a thin mortar used to fill the spaces 
around the box (grout) fully satis- 
fies a literal reading of the rule. I 
believe that a supplementary means 
of support should be provided. It is 
interesting to note that wooden sup- 
ports shall be not less than { in. 
in thickness, and that a lathe of 
wood is not considered to be an ade- 
quate support. This provision em- 
phasizes the importance of obtain- 
ing a support which satisfies the 
first sentence of Section 3707 which 
reads as follows: “Boxes, fittings 
and cabinets shall be securely fast- 
ened in place.” 

Mr. Whitner, Chairman of Panel 
No. 7, has expressed the following 
opinion with respect to the support 
of boxes as covered by Section 
3707-a: 

“T agree that boxes fastened or 
grouted in place in the concrete 
block wall with lime mortar or plas- 
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NEW 
Latrobe = «GREEN HORNET” 


Electrical - WYELOCITY 


2" 


‘A>, POWER 
Products @y "Srup 


DRIVER . 


\ ss) a 


The No. 190 Tru-Level is a fully adjustable, 
4" galvanized octagon watertight floor box, 
developed for concrete or tile floors, also 
wooden floors with concrete base. 


A V2" threaded adjusting-ring and three | 
22" long screw legs make for quick and | 
easy tru-leveling. A rubber collar protects | 
the adjusting ring thread, 


The octagon box body is 21/2’ deep with 
two 2” and two 3%” K O’s in sides and 
three 2" and two %” K O's in bottom. 
This series permits “on-the-job” interchange- 
ability with the various new standard styles 
and sizes of receptacles. 


streamlines * ~ ee 
electrical fastening jobs 
Convention, Chicago, May 24-27 . . 
Elgato speedily « safely - inexpensively 


Watertight Now you can save precious time and energy on those tiresome, time- 
Floor Box consuming electrical fastening jobs. 
The “‘Green Hornet” Velocity Power Stud Driver fastens conduit and 
; : : raceways securely, in seconds. Lets you anchor outlet and junction boxes 
cuts installation time; apidly. accurately. safel ith lots less elbow grease th: : . 
ouies. tulle ‘bad rapidly, accurately, safely, with lots less elbow grease than called for in 
leaves more wire space f manual installations. 
inside box. Cover plate e Shaking hands with the pistol grip of the “Green Hornet” is the begin- 
is 32” diameter. , ning of straight, firm stud driving at a . 
fraction of the time and money it’s costing 
Insulator Supports you now. Operation is so simple: just load 
- . ~~ -s - ~ ag on »fyO 
Fasten peresiein or glen tn- stud and cartridges, lock breech with 180 
sulators fo steel framework barrel turn, position. Then press and fire. 
without punching holes. 4 This is fastening: the twentieth century way. 
sizes —1,1¥2",2" and 22". Interchangeable barrels accommodate 4- 
%-inch diameter ‘ * 
a a eee or % inch diameter studs for handy two 
Non-Adjustable Floor Boxes tools-in-one convenience. Pressure con- 
Adjustable Floor Boxes ad fat a ee > cechs . 
Gnu Hate tetas Pen trolled firing eliminates accidental discharge 
Junction Boxes—Nozzles by dropping. Safety is the big considera- 
Pipe or Conduit Hangers . e 
_jnouteter Supports tion here. Wide variety of 
Cable Supports—Fish Wire ; achanize ‘asteni P _ 
Staple oad Cable Clips F urther mechanized fastening features studs—threaded 
include: trigger activation, protective safety or plain-headed— 
shield, pistol-grip handle, quiet operation. ore available. 
y Maintenance is easy. Design is compact. 
Fullman | eas 


See for yourself. Ask for a demonstration. And write us for Bulletin 1411-2. 


ammmeeniemed — |/ELOLITY-POWEA] TOOL COMPANY 


1209-1215 JEFFERSON STREET 


LATROBE. PA. 


Listed under re-examination service of 
Underwriters Laboratories, Inc. 


Write today for complete specifications. 


Visit Our Booth #423—NAED 


Unique, practical design 


Sales Representatives in all principal Cities. 

















201 North Braddock Avenue ¢ Pittsburgh 8, Pennsylvania 
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“JIC” Wireways and auxiliary fittings 


“JIC” Enclosed wiring troughs 


It pays to figure on 


.@ —» £m ek) E 


liquid-tight “JIC” wiring enclosures 


ne 


“JIC” Terminal and 
Pull Box Enclosures 





NEMA Type 12—"“JIC” 
Control Panel Enclosures 


Keystone now offers a complete line of “JIC” 
wiring enclosures designed to provide positive, 
sealed protection against dust, dirt, oil, water 
and coolants! You'll find liquid-tight wireways, 
fittings, troughs, boxes and cabinets in a wide 
range of sizes to meet your exact needs—all 
produced to the electrical specifications of the 
Joint Industry Conference Standards. 


What’s more, when you want an item, you get 
it—fast—from large stocks maintained at both 
factory and regional warehouses! In addition, 
Keystone offers a complete design and build 
service for producing custom enclosures to 
fulfill your special requirements! 


Oil-Tight 

Pushbutton 
3 NEW CATALOGS—Contain complete 
information on the entire Keystone 


Enclosures 
quality line. Send for your free set today! if 


EYSTONE MANUFACTURING con 
23338 Sherwood Avenue ¢ Warren, Michigan 
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tic would not be considered substan- 
tial, but if the box is grouted in 
with a cement and sand mixture it 
would seem to me that such a mix- 
ture would harden to the equivalent 
of the box being embedded in ce- 
ment or concrete, and _ should 
furnish satisfactory support.”— 
B.A.McD.—5/59/4 


NEC Official 
Interpretations 


The Electrical Correlating Com- 
mittee of the National Fire Protec- 
tion Association has reviewed and 
released the following two interpre- 
tations of sections of the 1956 Na- 
tional Electrical Code. Effective 
date is February 9, 1959. 

Subjects covered by the release 
are: the use of a green insulated 
conductor on secondary wiring of 
fluorescent lamp fixtures; and ar- 
rangement of switches operating 
panels of cartridge fuses protecting 
elevator control equipment. 

Official text of the new interpre- 
tations follows: 

INTERPRETATION NO. 451 
SECTION 2112—Color Code 

Statement: In an installation of 
fluorescent lamps, the secondary 
wiring from the ballasts to the 
lampholders in the fixtures utilizes 
a conductor with green insulation. 
The wiring is entirely confined by 
the fixture enclosure and is not con- 
nected to the circuit wires supply- 
ing the fixture. 

Question: Is the foregoing use 
of green insulation contrary to the 
second paragraph of Section 2112 
of the 1956 Code? 

Answer: No. 
INTERPRETATION NO. 453 
SECTIONS 2440 and 6261—Dis- 
connection of Fuses and Guarding 

Equipment 

Statement: Elevator control 
equipment protected by cartridge 
fuses is located in a separate ma- 
chine room having self-closing, self- 
locking doors, expected to be kept 
closed and locked except when an 
attendant is on duty. There are a 
number of separate panels with 
cartridge fuses installed in the room 
and individual switches are not in- 
stalled in each circuit ahead of the 
cartridge fuses. Instead each panel 
is controlled by a_ separately 
mounted, manually operable switch 
located in the control room. Each 
switch is within sight of the panel 
which it controls. 

Question: Does the foregoing 
arrangement comply with the intent 
of Sections 2440 and 6261? 

Answer: Yes. 
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INTERNATIONAL 
Hlectrical Conduit 








Finest Quality —Lowest Prices 


International Metal Hose, one of 
the nation’s largest producers of 
flexible metal conduit and tubing, 
utilizes modern equipment and 
automated processes to produce 
superior products at competitive 
prices. Ask International to quote 
your needs and compare price, 
quality, and delivery. 


INTERNATIONAL SEALED SKIN 
LIQUID-TIGHT FLEXIBLE STEEL CONDUIT 
(J. 1. C. Approved) 


eeeeeecem ONLY TWO PIECES TO INSTALL 


installation even in “‘U _ an " 
quarters. Special polyviny! cover is ltiquid-tight, 
abrasion-resistant, and provides permanent pro- 


tection against oil, grease, weather, water, dirt. . 7 e 
chemicals, fumes, and salt spray. Seated Skin's 
Flexibility is especially adapted to providing ° ° e / iG) / - } ( / _ e / ( / 
connections between a moving membr and 7 
stationary part and for resistance to v.uration e 

it is easily cut to required lengths on the 

j Made to meet Joint inaustry Conference 

(J.1.C.) requirements. Packaged in a handy 

‘layout’ carton 





WITH GARCY “ULTRA-LUX" 
INTERNATIONAL U. L. & C. S. A. LABELED Curved diffuser in 12” or 24” widths 
FLEXIBLE STEEL CONDUIT 


Made to Und riters’ dC Jian Standards 
Aeprovel~—aneste all, the "rigid tests for — OR 60TH ANNIVERSARY 
al d duct t ters’ ° . . o ° 
oratories, Inc, Rust-resistant zine coating gives Rectangular diffuser in 12” or 24” widths 
longer protection against corrosion, dirt, fumes, eq 
spray, and superior finish “‘dresses up’’ installa- 
tions Ratemene Srerames — ee It’s a sna to in t i th G : 
d Ss I b -in_ flexibill makes ins : . 
i easier—resists. vibration—fexes inte ‘u” p insta ese arcy fixtures. Only two basic 
bends—foll tallation con- . ’ ‘ 
aor Eoosctalty’ adanted tor eupanetiede be- parts to install, that S all. No on-the-job assembly work 
tween moving members and stationary parts. . 


thy 1 ago aeealaaliaels End plates, diffuser panels and hinge fittings are all pre- 
assembled for you before shipment. 
epagreostiapase — And Garcy fixtures are easy to handle. Even a lightweight 
FLEXIBLE STEEL j 
ee like the gal above could handle these compact fixtures all 
not necessary. Gives extra flexibility with econ- day without tiring. 


omy, spb ches yy em rare se 

sistant shielding for floor, wall, ceiling cables . 

Electroplated to give rust-resistant zine coating. Find out for ourself how m : .j 

Superior finish “‘dresses up’’ installations. Auto- y uch on the job time you can 
matic degreasing gives oil-free conduit. Easy . 

to install—resists vibration—flexes into ‘‘U"’ save with Garcy fixtures. 

bends and to follow machine or installation con- 

tours. Available in easy-to-handle coils. 





INTERNATIONAL LIGHTWEIGHT Send for Bulletins 
FLEXIBLE STEEL CONDUIT 581-L and 582-L. 


A sturdy, lighter-weight flexible steel conduit 
at lower cost. Available in a wide range of 
sizes for most every need. Economical to use 
and to ship 


Send for specifications and price list 





division of Garden City Plating & Mfg. Co, 


THE INTERNATIONAL METAL HOSE CO. | | 2475 Slaton Ave., Chicage 47, iinets 


BELLEVUE, OHIO 
CHICAGO *© NEW YORK « LOS ANGELES *¢ TORONTO 
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SAVE UP TO 35% WITH 
LAH G = DOM 


PLASTIC CONDUIT 


- «+ @ most versatile, depend- 
able and economical conduit 
for electrical and communica- 
tion lines, single or multiple 
duct installations, under- 
ground or underwater! 


YOU CAN SAVE UP TO 35% on 
installation costs, and eliminate most 
maintenance problems, with light- 
weight, water-tight and corrosion 
resistant TELEC-CON, available in 
four types, 2” to 6” diameters. 


Send for complete brochure, and 
name of your nearest supply point. 


a ioe 


& Southwestern \\) 


PLASTIC PIPE CO 


* Mineral Wells, Texas Phone FA 65-3344 
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In the News 





Technical Training 
Stressed at 
Power Conference 


Approximately 3,000 engineers, 
industrial and public utility execu- 
tives, educators, and government 
officials attended the 21st annual 
American Power Conference held in 
Chicago, March 31 and April 1 and 
2. The three-day conference is spon- 
sored annually by the Illinois Insti- 
tute of Technology in cooperation 
with 14 other educational institu- 
tions and nine professional 
cieties. 

Norman J. Cutliff, general fore- 
man, electrical department, inter- 
national Harvester Co., Memphis, 
Tenn., talking on the training of 
plant electricians said: Various 
plants of his company regularly em- 
ploy a variety of training methods 
to meet the diversification of their 
production. But generally, these 
methods fit within a pattern based 
on important needs. He cited the 
needs: 

1. Qualified employees who are 
competent to perform the require- 
ments of their respective jobs and 
to fully develop their potential and 
so provide effective and proficient 
service, 

2. Constant economic awareness 
by those responsible for training 
plant electricians. 

3. Strict compliance with all 
national, state and local electrical 
code requirements. 

4. Constant training in sound in- 
dustrial safety practices. 

5. An effective means of insuring 
that plant electricians are kept cur- 
rent with changes inside the plant 
and the addition of new equipment. 

6. Electrical supervision accept- 
ing the principle that they must 
constantly be both learner and in- 
structor in this training program. 

M. A. Jacobs, A-C Spark Plug 
Division, General Motors Corp., 
Milwaukee, Wis., speaking on the 
importance of electronic training 
programs, said: “Since 1955 over 
three hundred men from nearly all 
of the divisions of General Motors 
Corp. have been trained on com- 
pany time. These men were sent by 
their divisions to Flint, Michigan, 
to participate in this program. The 
philosophy of the program was to 
provide these men with a thorough 
background in the basic principles 
of electronics. A second objective 
of the course was to provide a good 


so- 


comprehension of the uses and limi- 
tations of typical pieces of test 
equipment. A third objective of the 
course was to relate the basic prin- 
ciples of electronics to the particu- 
lar pieces of equipment in their re- 
spective plants.” 

The course consisted of a total of 
80 hours of which 40 were spent in 
class and 40 in the lab. Jacobs 
pointed out the lack of consistency 
in the backgrounds of the men sent 
to the school by the various divi- 
sions. He said some of the people 
sent to the school were graduate 
engineers; others were electricians 
with little more than bulb-changing 
experience, In some of the classes 
it was necessary to take time to 
make up for a deficiency in basic 
electricity. But they were able to, 
in nearly all cases regardless of 
background, and due to constant 
use of test instruments, at least 
partially fill the need for training 
electronics people in industry. Ja- 
cobs stated “however they were 
often able to use the better in- 
formed to assist the less informed 
in the laboratory, much to the ad- 
vantage of both.” 


Chicago Holds 
Industry Show 


The fifth biennial Electrical In- 
dustry Show sponsored by Chicago’s 
Electric Association in cooperation 
with the Electrical Maintenance 
Engineers was held at the Hotel 
Sherman, Tuesday, Wednesday, and 
Thursday, March 24, 25, and 26. 

The show devoted strictly to the 
“electrical man” attracted over 217 
manufacturers who exhibited the 
latest in electrical construction ma- 
terials and industrial equipment. 

On Wednesday morning, March 
25, hundreds of apprentices, engi- 
neering and technical students vis- 
ited the show between the hours of 
10:00 A.M. and 1:00 P.M.; with the 
latter part of the day from 1:00 to 
10:00 P.M. being set aside as Elec- 
trical Maintenance Engineers Day. 
Electrical Contractors Day was held 
on Tuesday, March 24th. 

Exhibits included products for 
use in electrical construction, in- 
dustrial and commercial electrical 
installations, electric welding, elec- 
tronics, industrial appliances, and 
commercial and industrial lighting. 
The show excluded all home appli- 
ances and domestic applications of 
electricity. 
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For the U.S. Army Missile Master— 


i 
| 


\ Where Reliability is a 
> 
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| SS 
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SeC Metalclad 
Switchgear is 
used on the 
primary power 


supply 


At Fort George G. Meade, Maryland, this 
vital electronic installation collects informa 
tion on the location of aircraft, presents this 
information on displays for decision, and 
then distributes selected data to NIKE mis 
sile batteries in a large defense area. The 
high-voltage power supply for the radar 
and electronic devices uses S&C Metalclad 
Switchgear for primary protection and 
switching. 


Specified as part of this ultra-reliable nerve 
center of the Nation’s defense are S&C 
Metalclad Switchgear units, using Power 
Fuses and Load Interrupters. See inset, left 


Such installations will be used in many 

areas throughout the United States, where 

NIKE installations protect population and 

industrial centers. 

For further information about S&C Metal 
Missile Master Power Substation showing S&C Metalclad 1 E clad Switchgear, write to S&C Electric 


Switchgear. The principal contractor: The Martin Compan . , . 
een : P : : PORT Company, 4433 Ravenswood, Chicago 40, III 
Orlando, Florida, with Airborne Instruments Laboratory . 


American Machine & Foundry Company. 
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Handle HOT” jobs 
the SAFE way! 


/ ‘ ‘ 

a use a Jet Line Gun and safely 4 

‘ jet-propel a nylon line through ; 

Sy it through a conduit. 7 ~ the conduit in seconds! of 
-~ ~ - 


a 
~ - ~ - 
ee 


7 
‘ 
4 use a steel fish tape and spend , 


. many dangerous hours snaking , 


NOTHING BEATS 


w Jet Line 
UM 


For SAFETY and SPEED! 


The Jet Line System 
is SAFE! Do 


® No powder charge 


away with danger! 

There’s no need to worry about hot 

panels when you use a Jet Line Gun 
because the need for fish tape 

and snaking is eliminated! 


® No explosion 
® Both nylon line and 
polyethylene rope are 


non-co 
, nductors. A small jet-propelled cartridge does 


the trick! Launched by the Jet Line 
Gun, in seconds it twists around ells 
and bends, up and down as it lays a 
nylon line in the conduit ... draw 
polyethylene rope through and 
you're ready to pull wire in minutes, 
not hours... safely! 


The Jet Line System 
SAVES WIRE! 
SAVES MONEY! 
SAVES TIME! 

Invented by experienced 


electricians in use by 
thousands of contractors! 


es 


Pat, Pending on 


isk your distributor or write Method and Apparatu 
] nd App s 


730 Seigle Ave., Charlotte, N. C. 


Copyright 1958 Jet Line Gun Co, | 
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N.Y.C. to Refund 
Contractor License Fees 


A court decision has declared il- 
legal the $250 license renewal fee 
imposed by the City of New York 
on electrical contractors and at 
least $100,000 and possibly much 
more must be returned to the con- 
tractors. 

State Supreme Court Justice 
Aron Steuer said the city had no 
right to charge such high fees on 
the theory that the money was 
needed to help pay for regulating 
the electrical industry and provid- 
ing for inspections. 

“The inspections,” he said, “have 
nothing to do with licensing. They 
are for the purpose of protecting 
the city’s inhabitants from the dan- 
gers attendant upon inferior work- 
manship equally necessary 
whether the artisans doing the 
work were licensed or not.” 

The decision resulted from a suit 
brought by members of the Five 
Boro Electrical Contractors Asso- 
ciation, which represents small 
contractors holding master electri- 
cian licenses, against the city and 
its Department of Water Supply, 
Gas and Electricity which issues 
the licenses. The suit attacked the 
fee as excessive, unreasonable and 
discriminatory and asked that the 
fees in excess of $25 be refunded. 

The estimate of the amount to be 
refunded is based upon only those 
contractors who have paid fees un- 
der protest. If all the city’s 2,200 
licensed electricians were to recover 
their payments in excess of $25 
over several years, the amount 
would approach $2,000,000. 

The fee, originally $25, was 
raised to $100 in 1952 and to $250 
in 1957. 


THREE-MAN FORUM at Chicago inspec- 
tor’s meeting rehash Code “‘toughies”’ 
between sessions. Pictured (L to R) are 
Everett Cogan, International Secretary, 
1AE!l; H. Bernhard, Chicago Inspector; 
and Wiliiam Veldhouse, Chicago Contrac- 
tor. 
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Headquarters for 


HIGH POTENTIAL 


Testing 


INSULATION BREAKDOWN 
DIELECTRIC STRENGTH 


Every over-potential test need 
from the generator to the ap- 
pliance motor... is met by a 


HYPOT® 
fj i 150 KV Testing 


} . 2 
i , Mobile HYPOT 
(Je * 
+9 Jon-destructive testing of 
-= ? power cables, generators ond 
insulators with AC or DC test 
tentials to 150 KV. New DC 


f 
as Mobile HYPOT® is easier to 
‘ handle, cuts costs. Write for 

is bulletin “Mobile HYPOT*” 


30 KV Testing 
Bench HYPOT" 


Jels available with AC or 
test potentials from 5 te 


KV. Widely used for insula 
1 tion test ng of cables, distribu- 


n equipment and heavy duty 


10 KV Testing 
Portable HYPOT Jr.” 


VIBROGROUND measures 
GROUND RESISTANCE 
SOIL RESISTIVITY 


Ground Resistance Only 


nd 255° 


Soil Resistance . . Anode Resistance 
Ground Resistance 


VIB 


r 
t 
$ 
r 
f 


1 i 
13 
Write for bulletin . . “VIBROGROUND®”, 
10-35.15 


As 


SOCIATED RESEARCH. 


3770 W. Belmont Avenue * Chicago 18, Illinois 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


ALEC OO | 
Oe i ee men TR mee’ & hesseed s 





| erent Bee ed Re See 


Fd 








——— - — 











THE ABOMINABLE WHITE ELEPHANT 
ON YOUR ELECTRIC BILL 


IF YOUR ELECTRICAL SYSTEM is burdened with a low power factor, 
you're paying for electricity you can’t use . . . you're giving up electrical 
capacity you may need. 

The motors and other inductive devices in your plant use both kilowatts 
(working current) and kilovars (magnetizing current) in order to run. 
The kilowatts you buy. The kilovars you can best supply yourself. The more 
you supply, the higher your power factor, and the less you pay the electric company. 

Sprague Unipak* Power Factor Correction Capacitors are the most 
economical and efficient means of supplying your own kilovars. You put 
them right where they're needed . . . at the motors. Your electric company 
does not have to send as many kilovars all the way from the power plant, 
so they charge you less. Your wiring does not have to carry the extra kilo- 
vars to the load, so it can handle additional loads. 

Actual power bill savings experienced in many plants have more than 
paid for the Power Factor Capacitors in less than a year’s time .. . in some 
cases, in less than six months. And as an added dividend, these capacitors 
have also increased the power handling capacity of many plant distribution 
systems by an average of 20 %. 

You, too, can reduce costs . . . increase your plant’s electrical capacity 
by installing Sprague Unipak Power Factor Correction Capacitors. 

If you’d like free assistance in making a survey of your electrical in- 
stallation to see how you can save money with Sprague Unipak* Power 
Factor Capacitors, write Industrial Capacitor Division, Sprague Electric 
Company,333 Marshall Street. North Adams, Massachusetts. 


*Trademark 


WORLD’S LARGEST 
CAPACITOR MANUFACTURER 


the mark of reliability 
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ROYALOK 


Caps and Connectors interlock with a twist of the 
wrist... give you rugged, positive, fail-proof 
power connections. 


Unbreakable molded vinyl bodies— can't crack, chip, 
or break ... hold blades and contacts solidly in 
place. Resistant to acid, oil, and grease. 


Safer, stronger construction — Dead-front caps elim- 
inate nuisance of fiber washers and dangers of 
exposed conductors. Internal barriers separate 
conductors. One-piece connectors have heavy 
brass double-wipe contacts locked in solid vinyl. 


ORDER FROM YOUR WHOLESALER, OR WRITE 
FOR CATALOG 2-58-4, 


A Broad Line of ROYALOK Interlocking’ Devices 


Ou 


2-Wire Polarized 3-Wire Polarized 
10 Amp — 250V Grounded 

15 Amp — 125V 10 Amp — 250V 

20 Amp — 250V 15 Amp — 125V 

Dead-front caps 20 Amp — 250V 

one-piece 10 Amp — 600V 
connectors Dead-front caps... 
one-piece connectors 


4-Wire Grounded 
20 Amp — 250V 
10 Amp — 600V 
Dead-front caps... 
one-piece 
connectors 


*Fit all standard interlocking devices 


QUICK, CLEAN WIRING 
3 Simple Steps! 


oO 


Remove cord 
grip plate by 
loosening plate 
screws (they 
can’t fall out). 


@ 


Insert cord thru 
clamp, strip 
conductors and 
connect to ter- 
minals. 


© 


Replace grip 
plate, tighten 
screws — that's 
alll 


ELECTRIC 


ROVAL ELECTRIC 





CORPORATION 
PAWTUCKET, RHODE ISLAND 


++) @M @ssociote of 


rah 


P. R. Committee 
Announced by NEMA 


The National Electrical Manufac- 
turers Association has concluded a 
year of study of its responsibilities 
to its membership and the electrical 
industry by establishing a standing 
Public Relations Committee to work 
toward improving internal Associa- 
tion communications and its rela- 
tions with allied “customer” groups. 

Members of the committee are 
Donald Jensen, Chairman, Director 
of Public Relations, Square D Com- 
pany; K. W. Haagensen, Director 
of Public Relations, Allis-Chalmers 
Manufacturing Company, Milwau- 
kee; Dale McFeatters, Vice Presi- 
dent, Information Services, Wes- 
tinghouse Electric Corporation, 
Pittsburgh; and R. H. Smith, Secre- 
tary, Reliance Electric and Engi- 
neering Company, Cleveland. 


Electrical Maintenance 
Men Convene in 
Los Angeles 


A 3-day conference was staged by 
the Electrical Maintenance Engi- 
neers Association of California, 
March 24-26, in Los Angeles, with 
some three dozen speakers and panel 
members discussing future as well 
as present problems facing this im- 
portant segment of industry and 
commerce. In addition, conference 
delegates had the opportunity to in- 
spect a concurrently-held exhibit of 
electrical products displayed by 50 
sponsoring manufacturers. 

During this intensive interval, 
six main topics of interest were 
stressed: the Code; Control and 
Automation; Industrial Power 
Systems; Maintenance of Electrical 
Equipment; Modern Lighting; and 
the Estimating of Additions and 
Expansions. 

General chairman for this sixth 
annual conclave was William E. 
Cline of the General Electric Co., 
while the six panels were presided 
over by Low Pascoe, G.E.; Richard 
L. Somer, Federated Engineering; 
Emerson §. Reichard, Electrical 
Engineer; Barney Shrive, Kaiser 
Steel; Urban Beh, consulting Light- 
ing Engineer; and Charles Hays, 
president of the Electrical Esti- 
mators. 

Also active on the conference 
committee were Frank J. Rohring, 
Southern California Edison; Walter 
J. Collins, L. A. Dept. of Water and 
Power; E. J. Grassie and James A. 
Marshall, both from G.E.; these 
men being responsible respectively 
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lf 
TIME 
Figures 
In Your 
PROFITS - 


Your wisest choice 


ARROLET 


Non-Gangable 


SWITCH BOX 


“WALL eae ti 
LINE-UP ss 
GUIDES oe yeu 


© Slotted cable knock-out 
out clean and easy 


Square corners allow more 
wiring room 


Available with brackets 


—an excellent box for your next job 


Write for specification sheet 


(Olio men tacelce Mn cela Meri relaeny’ 


is‘in Arrolet Products Today 


SWITCH BOXES 
OUTLET BOXES 
BOX COVERS FITTINGS 


ARROLET 


eles S20) 7 SGnen,| 


Montgomery, Penna 





MULTI 


DEPENDABLE 
LIGHTING 
EQUIPMENT 
ALWAYS 


QUALITY 
PORCELAIN 
ENAMELED 
REFLECTORS 


> 


ALUMINUM 
REFLECTORS 
ALZAK 


FINISH 


_— 


MULTI 
QUALITY 
THROUGH 
THE YEARS 
INSURES 
CUSTOMER 

SATISFACTION 


> 


PREFERRED 
BY THE 
ENGINEER 


WHOLESALER 
CONTRACTOR 


MAINTENANCE 


SEE OUR CATALOG 


IN SWEET'S 
ARCHITECTURAL 
alaa 

= 


OR WRITE FOR COPY 


FOR COMPLETE 
CATALOG 
ADDRESS 

REQUEST TO 


i 








YOUR GUIDE FOR DEPENDABLE 
LIGHTING EQUIPMENT 


RLM INCANDESCENT REFLECTORS 


WHITE PORCELAIN INSIDE, OUTSIDE 
THREADLOK PENDENT OR BOX 
MOUNTING SOCKETS * COMPLETE 
RANGE OF SIZES & SHAPES 


RLM HIGH BAY REFLECTORS 


ALUMINUM WITH ALZAK FINISH. 

STEEL WHITE PORCELAIN ENAMEL 

300 TO 1500 WATT INCANDESCENT OR 
400 W. OR 1000 WATT MERCURY VAPOR 
NARROW BEAM, MEDIUM OR 

WIDE SPREAD 


VAPORPROOF FIXTURES 


CAST ALUMINUM HOUSINGS 
PORCELAIN ENAMELED REFLECTORS 
100 TO 500 WATT SIZES. PENDENT 
BOX OR BRACKET MOUNTING 
CLEAR, HEAT RESISTING GLASS 


GYMNASIUM FIXTURES 


FOR SUSPENDED CEILING MOUNTING 
SERVICEABLE FROM ABOVE OR BELOW 
500 WATT—!8” PORCELAIN ENAMELED 
REFLECTOR. ALSO AVAILABLE WITH 
CAST ALUMINUM GUARD 


CEILING FIXTURES WITH HINGED 
GLOBE. FIVE SIZES, ALUMINUM 
FITTER 


HOSPITAL ROOM-BED FIXTURES 


INCANDESCENT DUAL LIGHT 

CAST ALUMINUM. DESIGNED TO 
GIVE MORE LIGHT WHERE NEEDED 
VENTILATED FOR COOLER 
OPERATION 


FLOODLIGHTS 


ALUMINUM WITH ALZAK FINISH 
WITH HINGED HEAT RESISTING 
LENS. ALSO AVAILABLE IN OPEN 
TYPE, ANGLE, ELLIPTICAL AND 
STEEL PORCELAIN ENAMELED. 


SPARLITES-LAMPHOLDERS 


FOR PAR 38—R40-PAR 56 
LAMPS. COMPLETE LINE OF 
BOXES, FITTINGS, LENS 
AND ACCESSORIES. 


PARKING AREA POST LIGHTS 


500 WATT PORCELAIN REFLECTOR 
WITH SPARLITES 


RLM 
FLUORESCENT 
FIXTURES 


oremmmerrerenpeerrrre i ELECTRIC MFG. INC. 


CD is: CALIF. * came, FLA. © caw Yorx. ve. wee 4237 W. LAKE ST CHICAGO 24 
NEWTON CENTRE, MASS. © “PHILADELPHIA, PA © 
*RICHMOND, VA. © ROCHESTER, N.Y. © “SEATTLE, WASH. 


. 
© *TAMPA, FLA. 
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4 EQUALLY GOOD REASONS: 


b 
.»sWhy your cranes and hoists 
should be FEEDRAIL’ powered 





1. Safe electrification. Feedrail conductors are pro- 
tectively enclosed in steel — no exposed wiring, 
no trailing cables. You enjoy maximum protection 
for personnel and equipment. 


2. Minimum maintenance. Elimination of frayed, 
sagging, broken wires means safer, less frequent 
maintenance. 


3. Better materials handling. There are no time 
consuming traffic holdups with Feedrail. Fewer 
accidents, less maintenance mean absolutely min- 
imum down time—more efficient materials 
handling. 


Throughout industry, flexibie 
Feedrail systems, in capaci- 
ties from 60 to 500 amperes, 
provide convenient movable 


power sources for: 4. Lower operating costs. Elimination of hazardous, 


wasteful working conditions not only leads to 
better performance but improves safety records 
and plant morale as well — eventually lowers in- 
surance costs too. 


e Cranes and Hoists 

« Production Lines 

e Conveyor Assembly Lines 
@ Moving Test Lines 

« Portable Tools 

e Machine Tools 

e Cutting and Sewing Rooms 
e Lighting 

@ Motor Control 


A Feedrail “moving power system” will fit 
your crane or hoist’s needs — can be installed 
quickly and easily. Get full information. Write 
today to Dept. C-5. 











SOLD BY MORE THAN 1,000 ELECTRICAL DISTRIBUTORS FROM COAST TO COAST 


; er ey Hever Lecomes Obsolele 
FEEDQAIL: | FEEDRAIL CORPORATION 


Subsidiary of Russell & Stoll Company, Inc. 
125 BARCLAY STREET © NEW YORK 7,N.Y 


SPeEecriatty QUALIFIED REPREGENTATIVES IN PRINCIPAL cirTries 





for banquet, registration, exhibit 
and general arrangement details. 

In the Code session, G. A. Wintz, 
Chief Electrical Inspector for the 
City of Los Angeles; Arthur C, 
Veit, Supervising Electrical Engi- 
neer in the Building and Safety 
Division of the County Engineer, 
and Edward V. Muller, Industrial 
Safety Engineer for the State of 
California, collectively urged adop- 
tion of a uniform, single code that 
would govern all types of construc- 
tion and areas, thereby eliminating 
the several conflicts of interpreta- 
tion that presently exist between 
various city, county and state or- 
dinances. Revision of code recom- 
mendations was also urged on the 
grounds that constantly mounting 
local values were being complicated 
by a more compact arrangement of 
equipment, conduits, ducts, busways 
and controls, resulting in reduced 
clearance distances, less mainte- 
nance space, less circulation of air, 
higher ambient temperatures and 
poorer operating conditions. 

Considerable discussion was also 
directed to the intelligent selection 
and use of higher utilization volt- 
ages, the grounding of portable 
equipment, the acceptance of inter- 
locked armor cable for voltages both 
above and below 5000 volts, the in- 
stallation of aluminum conduit 
underground, variations in cur- 
rent-carrying ratings between State 
Safety Orders and the NEC, the use 
of trolley-duct casing as a neutral, 
the importance of IC ratings of 
breakers, the emphasis upon pres- 
surization of instruments and elec- 
trical equipment in hazardous areas, 
explosion-proof fittings for MI 
cable. 

A total of nine panel members 
covered the gamut of contro] and 
automation from short circuit pro- 
tection and control components to 
static control devices, heating and 
ventilating control, ac eddy-current 
variable-speed equipment and new 
adjustable-speed de drives. Panel 
members for this discussion in- 
cluded Electrical Engineers Wil- 
liam Fayer, Ed York and Howard 
Gluckman, also Electrical Engineer- 
ing Associate H. L. Holland; all 
from the Dept. of Water and Power, 
City of Los Angeles; plus John H. 
Tuttle, sales engineer for Cutler- 
Hammer; King D. Christopher, 
general manager of Clark Con- 
troller’s Los Angeles manufacturing 
division; Max D. Polling and Carl 
Boehmer, district engineers for 
Louis Allis, and W. R. L’Homme- 
dieu, applications engineer for ITE 
Circuit Breaker. 

The second day of the conference 
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5 | All the installation speed of Flexible Conduit 
POWER fe « -- All the protection of Rigid Conduit... with 


a > VICUATITS 


THE JOB oe | 2 Extruded Polyvinyl Jacket Molded 
Whe = to Galvanized Flexible Conduit 


Complete protection against any and all 
contamination—impervious to water, oils, 
chemicals, corrosive atmospheres. Installed 
in minutes. No more ‘‘down-time’’ due to 


wiring shorts or burn-outs, no more periodic 
AUTOMATIC wiring replacements. 
TRANSFER SWITCHES 





TYPE LT—JIC Approved 


Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
Transfer to emergency power in a fraction of a 
second is automatic at 70% of line voltage. 
Regular power is restored at 90% of line voltage. 


TYPE LA—Underwriters’ Approved 


Simple design . . . sturdy construction ‘ : - te for f } 
. switches lock mechanically through ‘ : “? . 4 Write for free sample, 
trouble-free toggle action . . . no springs, . . a“ costs and name of 
~~ | latches or delicate mechanisms. , r peeS 
Wi i) Available electrically or mechanically Distributor nearest you. 
\ held, 30 to ¢ ymps 
' Send for free catalog oncomplete Zenith line. 


155 WEST WALTON STREET « CHICAGO 10, ILL 





FOR FASTENERS 
... THAT HOLD 


NO BEND Rugged, Inexpensive Vermeer 


NO SQUASH POW-R- DITCHERS 
DRIVE STRAIGHT 


Looking for low-cost, time- 

Answers the need for a Sturdy, Strong saving trenching and ditching? 

Staple. Save Time, Labor, Material with Take a look at the full Pow-R- 

these rugged Thiel Staples Ditcher line before you buy! 
Write For Complete Information, Literature and Low Prices 
The model 4T (left above) digs 6” to 14” wide and the W-2 (right above) digs 242” 


e to 4” wide. (The larger 524T model digs up to 24” wide.) All are fast, rugged, self- 
propelled and low in price. Ideal for digging foundation footings, gas, water and 


cee AND sewage lines ... or for shallow, narrow service lines. 
a i m ENGINEERING 

ket S$ " -aoh 6, M ERMEER MANUI AC Y URING COMPAN Y 
1417 N. Market St. @ St. Louis 6, Mo. 1 ; SHI t py 
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CLOCK and PROGRAM SYSTEMS 
MUST HAVE... 


@ MAXIMUM RELIABILITY 


Cincinnati's Signa-Link programming, enclosed snap-action 
switches and precise construction give utmost reliability. 


@ LOW INITIAL COST 


No finer system for any price. Check Cincinnati’s low cost for 
your next job. 


@ EASY INSTALLATION 


Cincinnati's swing-out trunnion mount and plug/receptacle 
mounting secondaries provide installation speed and ease. 


@® LOW MAINTENANCE COST 


Cincinnati's rugged construction with no costly components 
assures inexpensive, easy maintenance. 


@®U.L. APPROVAL 


Cincinnati equipment is U.L. approved. 


@ ATTRACTIVE APPEARANCE 


Illustrations speak louder than words. 
— You be the judge. 


dd easy schedule setting, wide correction range and the widespread, efficient 
Cincinnati service organization, and you have customer satisfaction at its most satisfying. 


Write today for descriptive literature and the name of your local Cincinnati representative. 


CINCINNAT| SYSTEMS 
tHe Cincinnali rime recorver co. 


CINCINNATI 14, OHIO 
SINCE 1896 








covered Industrial Power Systems 
and the Maintenance of Electrical 
Equipment. 

In the first of these two sessions, 
Robert N. Marcum, plant engineer 
for Hughes Aircraft at Fullerton 
reviewed Large Industrial Systems, 
using as his main illustration a re- 
cently-completed plant where out- 
side consultants had been retained 
for initial load studies, system de- 
sign, utility services, budgets, main- 
tenance planning and provisions for 
future expansion. 

Discussing electrical systems in 
smaller plants, W. D. Bonzer, engi- 
neer and assistant superintendent 
for the Larson-Hogue Electric Co., 
reviewed trends based upon his com- 
pany’s experience in plants having 
fewer than three maintenance men 
and having voltages not exceeding 
4160 volts. 

Colonel F. Snyder, Division Elec- 
trical Engineer for Albert C. Martin 
& Associates, architects and engi- 
neers, reviewed west-coast trends in 
the design of electrical systems for 
large (commercial) buildings. 

The third day featured two more 
panel discussions on Modern Light- 
ing and Estimating Additions and 
Expansions for existing structures. 

Urban Beh, consulting lighting 
engineer, discussed fundamentals of 
lighting, while Edward Balogh, 
chief lighting engineer for Sun- 
beam, analyzed various methods for 
calculating obtained footcandle 
levels. Modern lighting values were 
reviewed by Robert S. Clubley, in- 
dustrial lighting specialist for Gen- 
eral Electric, while Frank H. 
Martin, technical director for Pitts- 
burgh Plate Glass, used an effec- 
tive chart presentation to prove that 
“There’s More to Color than Meets 
the Eye.” Roy E. Bevan, district 
engineer for Sylvania, covered the 
importance of lighting maintenance. 

At the sixth and final session, 
Charles H. Hays, president, and 
Henry F. Hopkins, vice president, 
of the Electrical Estimators, Inc., 
together with Paul Diederick, presi- 
dent of the Olympic Industrial Elec- 
tric Co. of Los Angeles, presented a 
no-holds-barred session on Estimat- 
ing. In this final presentation of the 
3-day conference, actual  case- 
studies of typical electrical addi- 
tions were considered step-by-step, 
and estimates were formulated 
wherein symbol lists and floor plans 
were utilized, conduit was wheeled 
off, components were chalked off 
and toted up, labor units were esti- 
mated, allowances were made for a 
variety of reasons and conditions, 
overhead was discussed, supervision 
and travel time analyzed. 
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PRECISION 
Engineered 
Fittings 








M. STEPHENS 


Mfg. Inc. Los Angeles 11 
814 E. 29th St. ADams 1-9147 














“MINOR” 
MEGOHMER 


SMALL SIZE 
LOW PRICE 


DEEP CASE 
EASY CRANKING 


with 500 VOLT DC GENERATOR 


Range 0-50 Megohms; weight 3 lbs. 
True Ohmmeter, independent of gener- 
ator speed. Complete with genuine 
leather carrying case, 6 ft. test leads, 
50 Megographs. 


WRITE FOR BULLETIN NO. 450 
HERMAN H.STICHT CO.,INC. 


27 PARK PLACE, NEW YORK 7,N.Y,. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


| iil Ml 


seatl ] tte PEAELL I] 


Users report savings on operating costs when BROOK A.C. MOTORS 
furnish power for compressors, pumps, conveyors and machinery in 
factories, mills and mines. Brook Motors require less maintenance. 
There is no finer motor built, yet they cost less. All standard enclosures, 
including NEMA Rerates. 1 to 600 H. P. Warehouse stocks, factory 
representatives and dealers coast-to-coast. Send for literature. 


world’s most respected motor 


BROOK MOTOR CORPORATION 


in Canada: Brook Electric Motors of Canada, Ltd. 
250 University Ave., Toronto, Ontario 


SINCE 1904 


CORPORATION 


FOR THE FINEST IN LIGHTING—SPECIFY [cfel@]a] 


Engineered for Greater Efficiency, 
Appearance and Maintenance 


GOOD offers the most comprehen- 
sive, versatile and uniform line of 
quality fluorescent fixtures. Their 
wide variety, both in width and 
length, provide the fullest choice 
of high efficiency recessed lighting 
units for stores, offices, schools, in- 
stitutions and other installations of 
every type. 


A Few of the Many Models 
To Choose From 


A. Industrials — Many types and 
sizes available for various indus- 
trial applications. 


B. Geometrics—Available in all pop- 
ular sizes, surfaced or recessed. 
Your choice of many shielding 
medias. 


C. Commercials—Available in many 
designs. See catalog for complete 
commercial selections. 


D. Troffers—Available in all shield- 
C ing medias. 


E. Corridor Luminaires — Available 
in metal baffles or plastic en- 
closed. 


@ Write today for our 
80 page complete line catalog 
showing dimensional data and light curves. 


MANUFACTURING CO., INC. 
1015 N. Halsted Street 
Chicago 22, Illinois 
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HOLE and ALL... 





For Junction Baxes 


is all it takes to ANCHOR into BRICK or 

CONCRETE with DHD® Hammer Drive 

Anchors. They are SAFE, fast and secure. JOHN A. WRIGHT 
The smallest size holds 500 to 700 lbs. For Vice President 

use indoors or outdoors. Sizes available 

from *3/16” x %”" to 42" x 342”. Would you like to try a. 
few samples, free? Just drop me a note.” John A. Wright. 
Vice President. 

WHERE TO BUY DHD® HAMMER DRIVE ANCHORS .. . 


ONLY thru your wholesaler, whose stocks of all Diamond Anchors 
enable you to get fast delivery service. This policy plays an important 
part in your ability to get contracts done faster and profitably. 


Bris x 7/8 size. Installed hole and all!) 
DIAMOND EXPANSION BOLT CO., INC. 
GARWOOD, NEW JERSEY 


BRANCHES: Atlanta, Boston, Chicago, Dallas, Denver, Detroit, Los 
Angeles, New York, Philadelphia, Pittsburgh, San Francisco, Seattle, 
St. Louis, Washington, D. C., Montreal, Vancouver, Canada. 








NISA News 


Alexander T. Volland, owner of 
Volland Electric Equipment Co., 
Buffalo, N. Y., was elected president 
of NISA’s Niagara Chapter at a 
meeting held recently in Rochester, 
N. Y. at the Hotel Sheraton. Other 
officers include Ralph _ Barker, 
Barker Electric Co., Niagara Falls, 
N. Y., vice-president; J. Clifford 
Nelson, Berger Brothers Electric 
Motors Inc., Rochester, treasurer: 
and Glenn T. Wardell, Wardell- 
Thurston Electric Co., Buffalo, sec- 
retary. 

. ° . - 

Paul Duphily, Electrical Equip- 
ment & Maintenance Co., Milford, 
Del., was elected president of 
Quaker City Chapter at a meeting 
in Philadelphia on March 11. Rich- 
ard Lehr, H. N. Crowder Jr. Co., 
Allentown, Pa., was chosen first 
vice-president ; James Previty, Penn 
Electric Motor Co., Philadelphia, 
second vice-president ; Milton Eisen- 
hardt, who operates a motor shop 
under his own name in Pennsauken, 
N. J., treasurer; and George Wag- 
ner, Wagner Electric Service, Phila- 
delphia; Joseph B. Roy, Roy’s Elec- 
trical Service, Cheswold, Del.; Paul 
Secrest, S&M Electric Motor Re- 
pair, Trenton, N. J.; C. J. Allen, 
Hendrickson & Co., Philadelphia, 
Pa.; Clarence Chandler, McHugh 
Electric Co., Wilmington, Del.; and 
George McDaniels, Kufen Electric 
Motor, Hatboro, Pa., members of 
the executive committee. 

a . s o 

Ear! Baker of Baker Electric Co., 
Denver, Colo. was elected president 
of Rocky Mountain Chapter at the 
organization’s spring meeting at 
Continental Hotel, Denver. Gene 
Armstrong, Wazee Electric Co., 
Denver, was chosen secretary-treas- 
urer. The club’s next meeting will 
be held in Salt Lake City in the fall 
in conjunction with NISA’s Utah 
Chapter meeting. 

* o . * 

Vernon B. Honsinger, engineer- 
in-charge of Allis-Chalmers’ Nor- 
wood Development Laboratories, 
Norwood, Ohio, led off the program 
of Southeastern Chapter’s annual 
spring technical meeting, held April 
10-11 at Hotel Robert Meyer, Jack- 
sonville, Fla. His topic was “Recent 
Developments in Insulation.” 

Other speakers during the two- 
day conclave included: Ronald P. 
Clark, wire and design engineer of 
Phelps-Dodge Copper Products 
Corp., Fort Wayne, Ind., who talked 
on “Compatibility of Class ‘F’ Mag- 
net Wire”; Joseph T. Haughney, as- 
sistant director, Insulation Varnish 
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FOR QUICK, EASY 
ee] =) (<M ikacclivchikels 


“EFFICIENCY” 


NESTED CONDUCTOR 


faaWee) 


ed conductor racks are compact and 
scientifically designed to carry cables equi- 
distant from center to center. Available in 
2, 3, 4, 5 and 6 bushing racks. 


EFFICIENCY 


ELECTRIC & MFG. CO. 
EAST PALESTINE, OHIO 





Control Your 
CARBON BRUSH 
Inventory with 
Handy-Kits and 


HELWIG pRUSHES 


Units have lifetime guaranteed 
See-Thru plastic drawers with 
moveable dividers. Both Handy- 
Kit and Cabinets complete with 
brushes for single phase motors, 
vacuum cleaners, mixers, fans, 
portable tools, etc. Units as- 
sure you have the right re- 
placement stock on hand. 


Write for Bulletin No, 65. 


AVAILABLE NOW “RED CARPET" 
RUSH BRUSH SERVICE. 


HELWIG CO. 
erent 


MILWAUKEE 10, WIS. 








SAFE ALL OVER 


when ever No hot spots or dan- 
‘ ger points on the 

or j metal enclosures of 
POETEE COUMTLLES «. | any Berko unit. Its 
accessible areas are 


only slightly above 
( () l} NT body temperature. 


THROUGHOUT U.S.A. & CANADA 


Distributed every- 
where by progres- 
sive electrical 


wholesalers. Dealers 
can avail themselves 


of quick service. 
Berko also main- 
tains field engi- 
neers throughout 
the U. S. and Can- 

for thie Es mike 

Ln glass 

( le ctric 

radia nit 


heating! 


BERKO ELECTRIC MFG. CORP 
212-40 Jamaica Avenue 
Queens Village 28, New York 
Leading manufacturers, of glass radiant and convection electric heating 





SPLICE CAPS and 


| TERMEND® LuGs 


in new smaller quantity 


| $LIP-TOP soxes* 


You will benefit from these out- 
standing advantages... 
HANDIER—just shake out fittings 


| as needed; eliminate counting out t Small Splice Caps and Insulators 100/ 


from larger packages. box; large Splice Caps, large Insulators 
- hak and Termend lugs—50/box. (Insulators 

MORE ECONOMICAL — eliminate are packed in regular boxes. ) 

spilling and other on-the-job . 

wastage; simplify orders and in- An exclusive development of BUCHANAN 


| ventories. 


LESS INVESTMENT —buy or put NOW IN STOCK AT YOUR 


| out on the job only required ELECTRICAL DISTRIBUTOR 


number of packages of 50 or 100.+ 


insulators 
(or ie + oe — 


ie a 
Liv le x a @ | Write for 
“ Install. with C24 pres-SURE-tool = Bulletin EC-5 


in Canada 
GASACCUMULATOR wots CANADA) LTD, 
12 GOWER ST., TORO ) 16, ONT 
Export 
PHILIPS EXPORT CO ELECTRICAL PRODUCTS CORPORATION 


100 E. 42nd ST., NEW YORK, N.Y. HILLSIDE, NEW JERSEY 
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Technical Service Department, 
Sherwin-Williams Co., Chicago, who 
discussed “Modern Insulation Var- 
nishes’”’; D. M. Bartos, product de- 
velopment engineer of Dow Corning 
Corp., Midland, Mich., whose sub- 
ject was “Silastic Insulation for 
Form Wound Coils”; NISA engi- 
neer A. C. Roe, who talked about 
“What Your NISA Can and Cannot 
Do for You”; Michael E. Assalone, 
manager, Florida Electric Motor 
Co., Miami, Fla., who reviewed 
“Small Motor Shop Practices”; and 
T. N. Schierloh, product service 
Easy to install . . . requires shal- manager, Delco Products Division, 
low hole . . . fixture can be re- Dayton, Ohio, whose talk was titled 
moved and replaced without ; “The Future of Fractional Horse- 
loosening anchor...a few ham- power Motor Repairs.” : 
mer blows set anchor firmly . . . Delegates also met in open dis- 
conical-shape nut expands lead cussion groups after the talks. Lo- 
sleeve to provide strong holding cal shops visited included Jackson- 
power... widely used by elec- ville Armature & Motor Works, 
tricians, plumbers, carpenters, ( wa rawings show ho’ Florida Electric Motor Works and 
ornamental iron workers, main- | a Soe - Turner Electric Works. 
tenance men, awning and sign 2eve arounc nical n | _ Officers of the Southeastern 
men end cther wadeamen | Chapter, who helped to arrange the 
¢ meeting, were: T. K. Preddy, presi- 
dent; Lewis 8. Bain, vice-president; 
and F. E. Cook, secretary-treasurer. 
HAMMERLESS SETTING TOOL nie eke 
Paul Sievert, president of NISA, 
iC was the opening speaker at the 
Expander hammerless F Brownsville, Tex., meeting of 
setting toul for easy installation of Arro Machine Southwestern Chapter, March 
Screw Anchors in hollow tile, bottomless or weak-bottom holes. 19-21 at El Jardin Hotel. His topic 
was “NISA, Present and Future.” 
J. Ray Horton, Daley Electric 
THE vaste (ARRO) aaa LINE OF MASONRY Co., Phoenix, Arix., discussed “‘Pric- 
ing, Costs and Profits”; and Dar- 
ANCHORING AND DRILLING DEVICES rell Hester, Harlingen, Texas, law- 


yer, spoke on “Legal Aspects of 


—— ae OS Business.” “Rubber Silicon, Advan- 
ARRO-CORE MASONRY DRILL tages, Application, Availability” 


A-C-£ EXPANSION SHIELD MACHINE SCREW ANCHOR was the topic of a talk by Donald 


i ora an ae) M. Bartos of Dow Corning Corp., 
= & <T = 


aecinin wndevenr O0tt a speech subtitled “Silastic Insula- 
ROFI ARBI P ua ” ‘ = 
Pls ono + marae EXPANDER HAMMERLESS SETTING TOOL ARROP tion Systems Practical for Service 


Pe eo ————_———— Shop Fabrication.” A _ representa- 
qe — FOUR-FLUTE HAND STAR DRILL tive of Allis-Chalmers, James F. 
ah ey A Fenske, spoke on the subject ““Mod- 


HOLD-IT EXPANSION SHIELC “ ‘a = £ i. ay) 
MALLEAD BOLT ANCHOR ———— ern Trends in Motor Designs and 


\ FOUR-FLUTE DRILL POINT Applications”. Edward Tann, Fluid- 
. out wick Co., Detroit, reviewed appli- 


DOUBLE EXPANSION SHIELD eS cations of his firm’s products. 


STUD BOLT ANCHOR 

















TWIST DRILL POINT A delegation of chapter meetings 
= visited NISA shops in Monterrey, 

LAG SCREW EXPANSION SHIELD penpa Onve vein AntChee —. Mexico, after the meeting. Making 
pm é a : the trip, where they were enter- 
Gam een Ponels Cat / tained during a round of luncheons 
j LEAD SCREW ANCHOR RUSEERGR OMI POINT HOLDER and dinners and sightseeing tours 

ae y . by their Mexican hosts, were: Mr. 

a cnr Ces) and Mrs. G. E. Jones, G. E. Jones 

TOGGLE BOLT JUTE RUG alas hea cearieine ata Electric Co., Amarillo, Texas; Mr. 


ene cS See your industrial, and Mrs. H. F. Champion, Service 
7 
SILVER KING 


Sedieee or and Supply, Amarillo; Mr. and Mrs. 


sr BE hm os 


and Mrs. O. H. Caldwell, Caldwell 
ARRO EXPANSION BOLT COMPANY Electric Co., Waco, Texas; Mr. ind 


DEPARTMENT D, P. O. BOX 388, MARION, OHIO | Mrs. Frank Arriens, Frank’s Elec- 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1959 





Model 610 Metal Cutting Band Saw 
MOUNTED on WHEELS 
and Ready to GO! 


The 


KALAMOBILE 


@® TRULY PORTABLE For genuine Black & Decker repairs check 
® HANDIER THAN EVER Yellow Pages under “‘Tools-Electric”’ for ad- 


dress of nearby Black & Decker 
The Kalamobile has rubber-tired FACTORY SERVICE BRANCH 
poy pos a Se Free tool inspection when requested e Gen- 
pecnithen theca wi sound ag y | uine B&D parts used ¢ Factory-trained tech- 
mandi Bea Poly Poincones v6 yee nicians handle all work e Standard B&D 
we rss bs . ' "a pipe cae | Guarantee at completion of recommended 
— - ast — . — apacity 6 | repairs e Fast service at reasonable cost. 





° er Or write for address of nearest of 48 branches to: 
Machine Tool Division Tue Back & Decker Mra. Co., Dept, $3105 Towson 4, Md. 


GEE, Bloch Dockon 0 


509 HARRISON ST., KALAMAZOO, MICH. |_ QUALITY ELECTRIC TOOLS — 





=e + + rtt+t 


elitty KINK FISH TAPE [> Coo 


Designed ryt ta 
oe i_.-— “QUIET POWER 
uminum ‘ASS ews 


Conduit. 7 MG Es | Bea rT ima jan 


po een feeeenaessdhehen = os ee oe 
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Cert peciBet LeveL |_| Pabed 


cliffy » SLIP STICK , m ...When specs call for the “strong 


he wire lubricant in stick . silent type’ of transformer, that’s the 
form), makes all wires really am iy | time to call for MARCUS. The new MTC 
slip thru aluminum or steel ae, bo ar ake atte cnean 

duit. . 
ih pas STANDARDS. So for those extra quiet © LE Oe es 
wee for ante installations, Specify MARCUS---- e LOWER WEIGHTS 

Jiffy Catalog. Proven quieter by independent 

Sm ES ery e LOWER INSTALLATION COSTS 


MARCUS TRANSFORMER CO., Inc. 


ESTABLISHED 1915 1 RAHWAY,NEW JERSEY 
Clyde WiLint ~ “Mark of Quality” Representatives in Principal Cities 


PAYER CULM Cem Me eee | | A COMPLETE LINE OF DRY-TYPE AND LIQUID-FILLED TRANSFORMERS FROM 1 THROUGH 5000 KVA. 
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NEW! 


Lo-TEMP’ 


DISTRIBUTION UNI-CENTER 


ECONOMY FOR CONTRACTOR . . . Convenient connection 
locations. Fully removable panels. Choice of components. Fast 


installation. 


ECONOMY FOR USER .. . Extremely low copper losses. Added 





| 
| 
| 
| 


overload protection. No excessive voltage drops. DB level below | 


NEMA standards. 


¢ 


New Standard DISTRIBUTION UNI-CENTERS 

combine incoming line, transformer and outgoing 

feeder in one compact unit. The 112.5’ KVA, 

three phase, 4160 to 280y/120 is just 6314” high, 

74” long and 36” deep. The high voltage section 

is equipped with three 3 KV lightning arresters 

and gang operated, oil fused cutouts. The low 

voltage section has 3-pole, thermal magnetic case 

circuit breakers. The unit is shipped, handled and 

installed in one piece. The Standard DISTRIBU- 

TION UNI-CENTER is available in any KVA 

rating and to and including 4800 V. 
*Standard LO-TEMP transformers provide extra capacity at no extra cost. Forni 
orer® 
Phone 
2-1563 


WARREN, OHIO 
“WHEREVER THERE (1S POWER” 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 





tric Service, Bryan, Texas; Mr. and 
Mrs. George Kinard, Electrical Ma- 
chinery & Repair, Beaumont, 
Texas; and J. B. Camp, Houston In- 
dustrial Supply, Houston, Texas. 

a . 7 7 

Oliver Klemp was_ re-elected 
president of Wisconsin Chapter at 
a meeting at Moonbi Inn, German- 
town, March 17. Vice-Presidents 
are A. J. Kuzniewski and John 
Bickler. Secretary-treasurer is 
Jerry Miller. A new chapter mem- 
ber is Roland Wittenburg, R. J. 
Wittenburg Co. Speaker at the 
meeting was Arthur George, law- 
yer, who reviewed income tax laws. 

. s * _ 

Paul Bogdan was elected presi- 
dent of Western Michigan Chapter 
at a meeting at the Anaconda Wire 
& Cable Co. plant in Muskegon, 
Mich., March 9. Other officers are: 
Stanley Stutsman, vice-president; 
and John Weeks, secy.-treas. 

- . . * 

Walter Leirer was re-elected pres- 
ident of New York Metropolitan 
Chapter at a meeting at Hotel Shel- 
burne, March 19. Vice-president is 
Ralph Mollet; secretary, Joseph 
Previte; treasurer, Ed _ Everts. 
Members of the executive commit- 
tee are: William Kauppert, Dan 
Chiswick, Herbert Engelmann, Dick 
Wheeler, Kenneth Fisher, Robert 
Bishop. 

” . . . 

Gordon Toms, of G. O. Toms 
Electric Co., Spokane, Wash. was 
elected president of Inland Empire 
Chapter at the group’s first meet- 
ing since it was organized early 
this year. Serving as charter of- 
ficers with Mr. Toms are Eldon T. 
Strom, vice-president, Troy, Idaho; 
and secretary-treasurer, Ed Kuder, 
K&N Electric Motors, Spokane. The 
meeting was held in Spokane on 
April 3 at the Davenport Hotel. 

. a * . 

Re-elected to serve terms as of- 
ficers of Indiana Chapter were: 
President, Henry Hayden, Hayden 
Electric Co., Columbus, Ind.; vice- 
president Ivan Frakes Jr., Frakes 
Electric Co., Inc., Indianapolis; 
treasurer Fred McBroom, McBroom 
Electric Co., Indianapolis; and sec- 
retary, Burton Hannewald, Scherer 
Electric Co., Indianapolis. 

. - _ s 

Al Lebowitz was elected presi- 
dent of Connecticut Chapter at a 
meeting in Hamden on March 5. 
Officers also include: vice-president, 
Michael Smaga; treasurer, Frank 
L. Johns; secretary, Edward A. 
Piteo; directors, Michael Phillips; 
William Palmer and Joseph Piela. 
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PHONE FOR MILES 


without any current 


Depending upon the wire used, 
Sound Powered Telephones will 
operate from short distances 

up to 30 miles or more without 
batteries or other power sources. 
Your voice supplies the energy 
to transmit speech in clear, 
distinct tones, free of all static. 
Indoor and outdoor models, 


an Write for catalog 
(fe 


~ HOSE-McCANN 


TELEPHONE CoO., INC. 
25th St. & 3rd Ave., Brooklyn 32, N.Y. 





e K OLIGHT 
STANDBY POWER 


' GASOLINE, GAS, SIESEL MODELS TO 500 KVA 

We all agree it is a od. bus ines to insure 

against unf reseen losse | o fire, wind or 

s available t 

i venienc d scomfort 

I fai ires b ‘ing You're insured 
er Plants to keep your elec- 

stioning whether for 3 


* 
a KATOLIGHT v 
=—@ PORTABLE POWER * 


AVAILABLE ON DOLLIES OR TRAILERS 


‘rews shave **plug-in’’ power 


at the sir aaa 
en and whe re 


they want it. ‘‘Quick 
‘rating electric saws, 
ws, heaters, sanders, 
‘ No nuisance 
500 to 35,000 watts. 


.% BIGGER OVERLOAD CAPACITY 
WRITE FOR 
& NEW BROCHURE! 
ES SS 
atolight corroration: 


Box 891-53 Mankato, Minnesota 
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Reasons Why You Should* 


“PURCHASE ONLY PAINE —_ 
“SPRING WING’ TOGGLE BOLTS oe 


Paine “Spring Wing” toggle bolts, a Paine invention, are ideal 





for hanging or fastening anything to be mounted on a sur- 
face where you can’t reach the other side. The many years 
of Paine toggle bolt development has produced an extremely 
wide range of styles, combinations and special designs. Sure- 


Series 


#1000 


fire spring action, the u-channel wings and wide spread 


grip assure a secure, permanent installation. 


“INSIST ON PAINE 
MACHINE SCREW ANCHORS 


Paine expansion screw anchors offer more flexibility because 





you can use a variety of screw lengths, they are precision 
threaded with a natural easy opening to start the screw 
and they distribute equal pressure on all sides to assure 
tremendous holding power. You can set, pack, caulk, or 
tap this anchor to any desired depth, and it will make a 


neat, permanent installation. 


Series 


#9000 








the best craftsmen always take 
Kel 4710 | 7) 
wif | 


THE PAINE COMPANY, 10 Westgate Road, Addison, Illinois 






































For LOW COST Outdoor Lighting... Signs... Signals! 


METAL-PIPE 
POLE BASES 


A Rugged Support for Threaded Pipe Uprights 
With Chamber for Splicing and Grounding. 


EASY TO FABRICATE—Turn galvanized conduit or pressure pipe (single or 
coupled lengths) into threaded hub of base, and top-off with the fixture of your 
choice. Install over embedded anchor bolts and conduit stubs. Splice and ground 
through generous hand-hole—and the job is done. 

Four base sizes permit simple fabrication of poles for a limitless variety of small 
and large fixture loads at varying elevations. 

PROVED IN USE—Attractive installations for lighting parking areas, gas stations, 
railway platforms, sub-stations, industrial plants and shipping areas, sewage dis- 
posal works, pumping stations, schools, churches, hospitals, motels, marinas, resorts. 
Also as supports for signs and signals. Plain gasketed or 3 pole receptacle cover. 

2” —H42200 Bulletin #25 


219"’— H42250 HOPE ELECTRICAL PRODUCTS co. 


3” —H42300 
4” —H42400 27 Long Avenue, Hillside, N. J. © Elizabeth 4-7837 
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UTILCO Service ann 


ler ge 


— 
OAKLAND Be 


MODEL UB 


CHECK THESE FEATURES THEN 
..-CHECK OUR LOW PRICES! 


e Anti-Buckling, heavy duty corrugated or diamond plate 
floor with drainage outlets © Rigid front panel ribbed for 
stiffness ¢ Removable dividers every 4” on tray in curb side 
horizontal compartment are held down with retainer to keep 
dividers from bouncing and causing parts to mix ¢ 1” rolled 
lip provided on material shelf in left horizontal compartment ¢ 
Heavy duty 12” tailgate opening to floor level ¢ New flush 
pull-out type door handles with double slam action catches 
and master keyed cylinder locks ¢ Handle protrudes when lock 
bolt is not fully engaged — warning when door not securely 
closed « All edges of parts hemmed for safety ¢ Double 
panelled doors © Rod type hinges rolled into door hem e 
Doors hinged on special grease loaded bearings to prevent 
binding common with piano hinges ¢ Full 48” Bed Width. 


THE NEW MODEL UB SERVICE AND MAINTENANCE BODY is 
available to fit any ¥2 or % ton chassis in a choice of three 
Compartment Layouts. The variety and flexibility of designs 
makes the UB UTILCO SERVICE BODY adaptable in a variety 
of fields including: Utilities, Plumbing, Electrical, Refrigera- 
tion, and governmental service. The Compartment interiors 
can be assembled to meet each customer's individual require- 
ments. This is but one of a full and complete line of Service 
and Construction Bodies...write UTILITY BODY COMPANY 
or telephone your nearest distributor. 


UTILITY BODY CO. 


1530 WOOD STREET * OAKLAND 7, CALIFORNIA » TWINOAKS 3-8980 





SERIES TC 
TOOL COMPARTMENTS 


SERIES U-56 
CROSS COMPARTMENTS 


MODEL UB-T 





DATES AHEAD 


International Association of Electrical 
Inspectors—Baton Rouge, George 
Welman, North Louisiana-East Tex- 
as, Texas Guif Coast Chapters, Five 
chapter joint meeting, Carlton Hotel, 
Tyler, Texas, May 15-16; Northwest- 
ern section Seatle Hotel, Seattle, 
Wash., August 24-26; Canadian Sec- 
tion, Montreal, Quebec, Canada, Sep- 
tember 25-26; Western Section, 
Schroeder Hotel, Milwaukee, Wis., 
October 5-7; Southern Section, Hei- 
delberg Hotel, Jackson, Miss., Oc- 
tober 12-14; Mississippi Chapter, 
Heidelberg Hotel, Jackson, Miss., 
October 12-14. 


IIiuminating Engineering Society—Re- 
gional Conferences; Pacific North- 
west, Buffalo Springs Hotel, Banff, 
Alta., (Canada), May 26-30; North- 
eastern, Curtis Hotel, Lenox, Mass., 
June 4-5; Canadian, Chateau Laurier, 
Ottawa, Ont., (Canada), June 11-12; 
Great Lakes, Statler Hotel, Buffalo, 
N. Y., June 22-23. 


National Industrial Service Assn.— 
Queen Elizabeth Hotel, Montreal, 
Canada, May 17-21. 


Building Research Institute—Building 
Illumination Conference, Statler- 
Hilton Hotel, Cleveland, Ohio, May 
20-21, 


National Association of Electrical Dis- 
tributors—5lst annual convention, 
Conrad Hilton Hotel, Chicago, II1., 
May 24-29. 


New York State Association of Elec- 
trical Contractors and Dealers— 
60th Annual convention, Whiteface 
Inn, Lake Placid, N. Y., July 7-10. 


Western Electronic Show & Conven- 
tion—Cow Palace, San Francisco, 
Calif., August 18-21. 


Illuminating Engineering Society— 
National Technical Conference, 
Fairmont Hotel and Mark Hopkins, 
San Francisco, Calif., September 
7-11. 


Canadian’ Electrical Manufacturers 
Assn.—15th annual meeting, Shera- 
ton-Brock Hotel, Niagara Falls, Ont., 
Canada, September 30, October 2. 


11th Biennial Electrical Industrial Ex- 
position—Sponsored by Essex Elec- 
trical League; Armory, Elizabeth, 
N. J., October 10-12. 


National Electronics Conference — 
Sherman Hotel, Chicago, Ill., Octo- 
ber 12-14. 


Electrical Progress Show—Sponsored 
by Electrical Association of Phila- 
delphia, Convention Hall, Phila- 
delphia, Pa., October 13-15. 


National Electrical Contractors Asso- 
ciation—Annual convention and 5th 
National Electrical Exposition, Fon- 
tainbleau, Eden Rock, Deauville 
and Carillon Hotels, Miami Beach, 
Fla., November 9-12. 


National Electrical Manufacturers 
Assn.—Annual meeting, Traymore 
Hotel, Atlantic City, N. J., Novem- 
ber 9-13. 


Industrial Electric Exposition—Spon- 
sored by Electrical League of West- 
ern Pennsylvania, Penn-Sheraton 
Hotel, Pittsburgh, Pa., November 
17-19. 
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MINERALLAC another quiet 
PULL-IN” HEVI-DUTY 


COMPOUND installation 


225 KVA 
No. 100 480 — 208Y/120 Volts 


Dry Type Transformer 





Mimemactaé 


COMPOUND) APPROVED 


by 
UNDERWRITERS 
LABORATORIES 


For Rubber, Synthetic, Plastic 
or Lead-Covered Wires or Cables 


Approved by Underwriters Laboratories 
for lubricating wires and cables to facil- 
itate pulling them into conduits. Not in- 


jurious to wire or wire covers. Free of PiLace: W. W. Samuell High School, Dallas, Texas 
objectionable odors. White in color. Will 
oat drip or run. Convenient pint, quart, ARCHITECT: Office of Mark Lemmon, Dallas 


Ya gal., gal. and S gal. cans. Available ELECTRICAL CONTRACTOR: Gotham Electric Co., Dallas 
through your electrical jobber. ea 
ELECTRICAL CONSULTING ENGINEER: Zumwalt and Vinther, Dallas 


MINERALLAC ELECTRIC COMPANY | 


Write for Bulletins 
HEAT PROCESSING FURNACES HEM=BUTY ELECTRIC EXCLUSIVELY : 
pe i og E he, A L L AC ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 100 and 200 today. 


MILWAUKEE 1, WISCONSIN 


IN ELECTRIC HEAT 
THERMOSTATS... 
seers fi WHITE- RODGERS 


reinforcing bars or other steel 

encountered. 

Using diamond bits as the cut- SE Ly 
ting agent, holes are drilled j '¢g A 











faster and at a lower cost 
than by any other method. 


Penndrill equipment drills i : x , ee 
Lelie 3 to 14" in dlomeler Use them with confidence — they’re \d 
up to 19” deep—vertically, | ‘ . - » 

tance pa 1 ony pr specifically designed for Electric 


Long life diamond bits in re |) sieis %es . 
ied S000" ts t0" be. Qt Heat by White-Rodgers— world’s 


eter. 





largest maker. 
Millions of holes have 
been _ drilled with 
Penndrill bits, cutting Sold under the brand names of more 
job costs up to 60%. * - . —_ _— ; 
sebieiasites diianetedl than fifty manufacturers of quality 
literature . 





electric heating equipment. Type 1A61 
PENNSYLVANIA DRILLING CO. World's Type 1A65 
MASONRY DRILL DIVISION 
1201 Banksville Road, Pittsburgh 16, Pa. 


Largest Elegant New 
Seller Companion 


) 


MAUI 


th 
F ve certen S 


“cme” ~WHITE-RODGERS CO., ST. LOUIS 6, MISSOURI TORONTO 8, CANADA 


RI 
Y 
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% ~ Among the 
'elale Thiteys | . “i Manufacturers 


. Headquarters Announcements 
} { | z } Ni G gS Curtis-Allbrite Lighting, Inc., 
my & has been formed through the 


VU | y Nelo] ge i-te iets merger of All-Brite Fluorescent 


| Fixtures, Inc., San “ogg 

; Calif., and Curtis Lighting, Inc., 
Cellular Steel Floors Chicago, Ill. E. O. Anders is to 
be president and chairman of the 
board; Charles D. Buchanan will 
be general sales manager. 

The American Metal Hose Div. 
of the American Brass Co. has 
been changed to Anaconda Metal 
Hose Div., Waterbury, Conn. 

General Electric Company’s 
Conduit Products Dept. headquar- 
ters has been relocated from 
Bridgeport, Conn., to Niles, Ohio. 

Ilg Electric Ventilating Co., Chi- 
cago, Ill., has purchased the Gen- 
eral Blower Co., Morton Grove, 
Ill., which will be operated as the 
General Blower Div. 

Westinghouse Electric Corp., 
Pittsburgh, Pa.—Mark W. Cresap, 
Jr., president and chief executive 
officer; Gwilym A. Price, chair- 
man of the board. 

United States Steel Corp., Cleve- 
land, Ohio—Edward A. Murray, 
vice president—sales; Boyd P. 
Doty, Jr., general sales manager; 
M. E. Capouch, manager of dis- 
tribution and availability; William 
H. Guterl, manager of marketing. 
All are with American Steel & 
Wire Div. 

Acme Electric Corp. has moved 
its headquarters to its new plant 
in Hawthorne, Calif., with Ray 
McWaters as manager of engineer- 
ing, Ken Burton as manager of 
, sales. 

im A = Electric Auto-Lite Co., Toledo, 

= bas Ohio—J. A. Cappi, assistant to 

vice president; R. C. Roderick, To- 

Be Su re you check ses ledo Division manager—both with 
Electrical Products Group. 

9 . Sylvania Electric Products Inc., 

CONDUFLOR'’S exciusive New York—Arthur L. B. Richard- 
design features when you bid your next job. | son, = president; John J. Davis, 

controller. 
Westinghouse Electric Corp., 
Approved Conduflor fittings are in use on all Pittsburgh, Pa.—K. M. Patterson, 
manager of headquarters sales 
departments, Apparatus Division; 
T. Frank Saffold, manager of spe- 


, . ‘ cialty transformer department. 
Write or call for detailed data file. Wallediidness Ca. &. Lecis. 

















types of cellular steel floors. 


*trade mark registered 


- Mo.—Robert N. Weber, manager 

of new Product Planning Division. 

O2@),'12)8)—3 me): (O1@)~-1-10).-9-¥81e) Cutler-Hammer Inc., Milwaukee, 

P.O. BOX 2748 CLEVELAND 11, OHIO Wis.—Warren G. Cudlip, manager 
of quantity sales. 

Markstone Mfg. Co., Chicago, 
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WE HAVE IN STOCK 


HIGHLY TOOLED 
PRECISION MADE 


fixture bodies 


FOR THE TRADE -——— 


COMMERCIAL 
INDUSTRIAL 
RECESSED 
ADJUSTABLE SPOTS 


All fixtures tooled for minimum 
assembly, using minimum screws. 


@ WRITE FOR NEW COMPLETE 
LINE CATALOG TODAY 


Oldest and most progressive manu- 
facturer of fluorescent metal fixtures 


CANNING-PEKARA, INC. 


2144 North Wood Street, Chicago 
HUmboldt 9-4224 


14: Illinois 


FLUORESCENT : 
| 





How You Benefit From 
50 Years of Service 
To The Electrical Industry 


50 amp. “BADGER” 


The heavy duty 50 amp. “BADGER” is 
the pride of the Reliance line, Copper- 
to-copper contacts with pressure type 
terminals. Extra heavy brass gears run 
with steel pinions. Heavy-duty syn- 
chronous motor assures longer work- 
ing life. Vernier time set. Indoor or 
outdoor cabinets. 


Exclusive specialization in the man- 
ufacture of precision-made time 
switches since 1909 qualifies Reli- 
ance to be more than just a little 
proud of their continuing perform- 
ance record. Nothing is spared to 
produce the long-lasting precision 
devices which are giving year 
‘round dependable service. Many 
Reliance switches have been in con- 
tinuous use for 20, 25 or more 
years. 


Optional features include omitting de- 
vice, extra trippers, one hour dial. 
Other stock models include the versa- 
tile 30 amp. Model W, available in 
seven standard types . . and the 
budget-priced 20 amp. Model 400, 
which has all the convenience features 
of the higher priced models. 


Write for FREE Catalog! 


RELIANCE AUTOMATIC LIGHTING CO. 


1927 Mead Street 


Racine, Wisconsin 














ALUMINUM 


RIGID Conttust- 


PIPE FITTINGS 


# Aluminum 
Couplings : 


Standard Radius 
xtra Large Radius 


Aluminum 
: Nipples 


























Selection 
and 
Specification 
Data 


Write for 
Bulletin 158 











THE Adalet MANUFACTURING COMPANY 


14300 LORAIN: AVENUE ° CLEVELAND 11. OHIC 


fy f!) 


ay 
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MEG® TYPE 
OF 


MEGGER 


(Reg. U. S. Patent Office) 


Rectifier-Operated 
INSULATION TESTERS 


For repetitive insulation resistance 
tests on a production basis... and 
for time-resistance tests... nothing 
equals the Meg Type Rectifier-Oper- 
ated Insulation Tester for convenience 
and reliability. The plug-in rectifier 
source of power permits the instru- 
ment to be used without hand 
cranking. A constant-voltage feature 
reduces pointer fluctuations which 


as larger generators and long cables. 
Standard units are available for 500 
or 1000 volts d-c test potential and 
for ranges up to 2000 megohms. 


Other Megger Insulation Testers 
include hand-crank models and Dual- 
Operated sets. The latter are versatile 
instruments with rectifier for repetitive 
or time-testing that can be discon- 
may occur when testing equipment nected for hand-crank operation in 
having appreciable capacitance, such the field. 


Write for BULLETIN 21-46-ECM 














JAGABI® LUBRITACT* 
RHEOSTATS 


Recently announced design refinements make 
these rheostats better than ever. A wide range 
of improved models features interchangeable 
components and sturdier construction. Three 
basic types include: 


1) Screw-drive for precise knob adjustment; 
2) slider type for quick control; and 3) new 
cage type for maximum operator safety. 
Whatever your needs, in shop, testing depart- 
ment or lab—Jagabi Lubritact Rheostats 
assure you the most up-to-date advantages. 


Write for BULLETIN 41-ECM 


JAMES G. BIDDLE CO. 


ELECTRICAL TESTING INSTRUMENTS 


B-908 


| 1316 ARCH STREET 


PHILADELPHIA 7, PA. | 
LABORATORY & SCIENTIFIC EQUIPMENT L 


PEED MEASURING INSTRUMENTS 
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Ill.—Joseph A. Tills, vice presi- 
dent in charge of sales. 

Pittsburgh Standard Conduit 
Co., Pittsburgh, Pa.—A. J. Zoth, 
member of the board. 

U.S. Industries, Inc., New York 
—L. J. Lieberthal, president, Con- 
duit Fittings Div. 

Porcelain Products Co., Carey, 
Ohio—C. Rae Guthridge, sales 
manager; Ralph Shontz, manager 
of custom products sales. 

Markel Electric Products, Inc., 
Buffalo, N. Y.—David Markel, 
treasurer and executive vice pres- 
ident; Morris L. Markel, vice pres- 
ident in charge of engineering; 
Lester M. Markel, vice president 
in charge of purchasing; Richard 
C. Piper, vice president in charge 
of sales; Dennis R. Ogden, vice 
president in charge of production. 

Minneapolis-Honeywell Regula- 
tor Co., Minneapolis, Wis.—Fred 
Maytag II, director. 

Kennecott Copper Corp., New 
York—J. Peter Grace, Clifton W. 
Phalen and R. Stuart Keefer, 
members of the board. 

Precision Transformer Corp., 
Chicago, Ill.—B. C. Biega, assist- 
ant sales manager. 

Engelhard Industries, Inc., New 
York—Charles de Rohan, produc- 
tion manager, Hanovia Lamp Div. 

Litecraft Mfg. Corp., Passaic, 
N. J.—Sidney Sheldon, vice presi- 
dent, contract sales. 

Columbia Cable & Electric Corp., 
Brooklyn, N. Y.—Michael J. St. 
John, general sales manager; 
David I. Feldman, plant manager. 


Regional Appointments 
MIDDLE ATLANTIC 


R. E. Uptegraff Co.: E. B. Mc- 
Kinney, representative in western 
Pennsylvania. 

Thomas Industries Inc.: Warren 
Brennan, Moe Light sales repre- 
sentative in state of New York. 

Hoffman Engineering Corp.: 
John C. Fox & Son, agent in New 
York State; Love-Haile Co., agent 
in western Pennsylvania and West 
Virginia. 

DuKane Corp.: Herbert M. Jaffe, 
manager of eastern region, includ- 
ing New England, east central 
states, and Atlantic seaboard. 

Allis-Chalmers Industries 
Group: Robert I. Carlson, repre- 
sentative to Pittsburgh district; 
George E. Piper, representative to 
Philadelphia district. 

Westinghouse Electric Corp.: 
Francis X. Winn and Harry A. 
Cheney, regional managers of 
northeastern and mid-Atlantic re- 
gions, respectively, for Total Elec- 
tric Home program. 


. . » MAY, 1959 





HOME WIRING MANUAL 


Enables you to plan the “small distribution 
system” needed in the typical modern home 
electrical installation from beginning to 
end! Methods for determining loads, service 
entrance feeder size, number and size of 
branch circuits, number and type of outlets, 
etc.—a new three-cegree approach for sim- 
plifying the whole job of planning—quick 
reference tables and other working helps— 
sample contract specifi- 

cations—and much more 

are given in this handy 

manual, By A. C. Bre- 

dahl, Westinghouse Elec- 

tric Corp. 221 pp., 101 

illus., $4.95. 


ELECTRICAL 
CONSTRUCTION 
COST MANUAL 


Shows you how to get accurate cost esti- 
mates of electrical construction work—fully 
explains what you should do to bring all 
the vital cost factors of a job together in 
an integrated cost system. Step by step it 
establishes methods for installing work in 
various types of construction, develops 
standard assemblies for these conditions, 
sets up material and labor unit costs for 
each assembly, and gives a detailed esti- 
mating procedure for applying the unit 
costs. By R. E. Johnson, President, Stur- 
geon Electric Co. 427 pp., 226 illus., $10.00. 


STANDARD HANDBOOK 
for ELECTRICAL ENGINEERS 


Thousands of facts 
and measurements 


and figures, systems 
methods and materials 
from all fields of electrical engineering. 
Covers everything from electric and mag- 
netic circuits, regulators, and prime movers 
to illumination, power system electrical 
equipment, and electronics. New informa- 
tion on transistor-nuclear power dielectrics 
for capacitors, synthetic resins and plastics, 
automation, telemetering, etc Editor-in- 
Chief: A. Knowlton, Consulting Ed., Elec- 
trical World. 9th Edition, 2230 pp., 1725 
illus., $21.00, 


SUCCESS TrING 
TECHNICAL WE 


C) 
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EXAMINE THESE BOOKS 10 DAYS FREE 


McGRAW-HILL BOOK CO., Inc EC-5 
327 W. 4ist St., New York 36 ,N. 


Send me book(s) checked below for 10 days’ 
ination on approval In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, 
and return unwanted book ( s) postpaid We pay 
delivery costs if you rem ith this coupon—same 
return privilege.) 


, Dept. 
"Y. 


exam- 


O Bredahl—Home Wiring Manual, 
© Johnson 

O Knowlton 
O Hicks 


(PRINT) 
Name 


$4.95 

Elec. Const. Cost Manual, $10.00 
Stand. Hdbk for Elec. Engrs., $21.00 
-Successful Tech. Writing, $5.50 


Address .. 


Company 


Position . 


For price and terms outside y. s. 
write McGraw-Hill Int'l., N.¥.C 
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Available in a full range of sizes. 
applied for.) 

Insulators — 
porcelain secured to metal pipe mounting clamp, 
galvanized. 

Flexible Synroflashing — Made of flexible neo- 
prene to 
loose, damage shingles, or cause leaks. 
rot, 
1% 

Mounting brackets — Exposed parts corrosion- 
resistant 
flat. 
installation requirements. 

Offset reducer — Corrosion -resistant aluminum 

alloy. 
pipe riser. 
The better-made parts in a Blackhawk kit let 
you do a fast and sound job on every service 
entrance 
builds your reputation for quality and service. 
Specify B-l when you buy! 


INSTALLED FAST 
BUILT TO LAST 


Blackhawk Service Entrance Mast Kits 
better from top to bottom 


GOOD REASONS wity a Blackhawk kit means a 
faster, better installation from cable entrance 
to meter. May be purchased as a complete kit 
or as separate fittings. 

Slip-fitter service entrance head— Just slip it on 
over conduit and tighten two set screws. 


That’s 
aluminum. 
(Patent 


Made of corrosion - resistant 


Reinforced, durable, well-rounded 


Mast can’t work 
Won't 
Available for 


absorb vibration. 


peel or crack in any weather. 
114, 2 and 2%” pipe. 


aluminum alloy. Shoulder eye fits 
Lock set screw gives additional grip. Meets 


Fits 14%” and 1%” hubs to a 2” or 24’2" 


mast installation. Saves you time, 


F vuBuauE, IOWA where the new ideas come from 


...and all sizes in between! 


UNIVERSAL ELECTRIC PLANTS 


give you a model for every need 


When it comes to electric plants, come to 
Universal for exactly what you need. It’s 
the most selective line—all models featur- 
ing matched unit design with generator, en- 
gine and controls precisely matched to each 
other for highest rated performance. 


All Sizes, Types and Controls —for 
every application, emergency, intermittent 
or constant service. Gasoline or diesel 
models from 250 watts to 35 k.w.—air- and 
radiator-cooled, single- and multi-cylinder. 
All voltages, phases. Widest control selec- 
tion—from manual to fully automatic. 


PRICED TO GET YOU MORE SALES, MAKE YOU MORE MONEY! 


New, comprehensive fold-out “electric plant finder” 
7 comp P 

gives you full details, specifications and information on 
the full Universal line. Use this coupon. 


* * 
* . 
— 


Universal 
af + y * "4 of Oshkosh 


MARINE ENGINES « ELECTRIC PLANTS 


Universal Motor Company, 
438 Universal Drive, Oshkosh, Wis. 


Send me your all-new, complete-line bulletin—also prices. 
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DESIGNED FOR SUPERIOR PERFORMANCE 


Couch U/L approved Nurses Call Systems provide: 
Visual signaling with audio communication 
Fully automatic master stations 


Emergency calls selected ahead of existing calls 


Nylon pull cord stations provide these advantages: 


Aut tic or q 





reset 
Low maintenance cost and ease of sterilization 
Can be used in oxygen tent 


Break away feature to eliminate station d 





Optional system features: 


Area paging 
Communication between remote points 


Two systems may be combined for a central operation 


Your step-by-step guide to Nurses Call Systems 
design, available on request, is Couch Bulletin 137 


3 Arlington Street North Quincy, Mass. 
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SOUTH ATLANTIC 


Wolverine Tube, Div. of Calumet 
& Hecla, Inc.: Robert W. McKen- 
zie, sales representative in Bir- 
mingham, Ala., district. 

Westinghouse Electric Corp.: 
John G. Adams, manager of south- 
eastern region for Total Electric 
Home program. 

Anderson Electric Corp.: Gaddis 
G. Hall, sales representative in 
South Georgia and Florida. 


EAST CENTRAL 


Arro Expansion Bolt Co.: Edgar 
J. Haas, Jr. and Associates, repre- 
sentative for states of Arkansas, 
Louisiana and Mississippi. 

Westinghouse Electric Corp.: 
Charles R. Beatty, manager of 
southwestern region for Total 
Electric Home program. 

Diamond Expansion Bolt Sales 
Co., Inc.: J. J. Miner Co., agent for 
state of Michigan and Toledo, 
Ohio. 

Cutler-Hammer Inc.: F. W. Wal- 
ter, manager of new sales office in 
Toledo, Ohio. 

Clark Controller Co.: Paul R. 
Gravenstreter, district engineer 
for new Detroit district office. 

Robertshaw-Fulton Controls Co.: 
Walter H. Morris, midwest district 
sales manager for electrical con- 
trols. 


WEST CENTRAL 

Minnesota Mining & Mfg. Co.: 
Richard R. Vehr, Dallas branch 
sales manager. 

Day-Brite Lighting, Inc.: Sam- 
uel W. Charlesworth, central re- 
gional sales manager. 

Sylvania Lighting Products: 
C. H. Connely, Denver area dis- 
trict sales manager. 


WEST 


Wincharger Corp.: Premmco, 
Inec., representative in California 
and Nevada; C. F. L. Co., Inc., rep- 
resentative in Colorado, Utah, 
Wyoming and Idaho. 

Westinghouse Electric Corp.: 
J. G. McKinley and Herman L. 
Wiler, managers of Pacific Coast 
and Northwestern regions, respec- 
tively, for Total Electric Home 
program. 

Quadrangle Mfg. Co.: John 
Allen Ware & Associates, repre- 
sentative in Arizona. 

DuKane Corp.: L. C. Klewin, 
western region manager. 

Sylvania Electric Products: 
Robert W. Erskine, sales super- 
visor in Portland, Ore. 

Minnesota Mining & Mfg. Co.: 
Robert W. Rayburn, San Fran- 
cisco-Seattle area sales manager. 
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SINGLE AND 3 PHASE 


INSULATING INDOOR | ee Ne 
Sizes 2 to 1000 KVA 2 | bao 
Voltages up to 15,000 V. 


<— = |e } FOR OUTDOOR CONSTRUCTION, 
GIVE YOU It _ 9 INDUSTRY, FARMS, RANCHES 
QUALITY and PRICE! . . AND MOBILE HOME PARKS! 


Highest quality performance ... years of MODEL P-55-C 
dependable service . . . priced to save MODEL P-55-C, as illustrated, has a 60 amp, 250 volt, 4 wire 


you money .. . those are the advantages ‘ “hive 
of UTILITY DRY TYPE TRANSFORMERS. power receptacle, protected with a two pole 50 amp circuit 


They’re fully guaranteed, too, so inves: breaker. Also has a grounded type duplex receptacle protected 
tigate the advantage of installing Utility with a one pole 20 amp circuit breaker. Top hub and bottom 
Transformers now, you'll be glad you did. KO's facilitate overhead or underground connections. Completely 

i Some setey tor, tow eae ant weatherproof. Cover closes completely when in use and can be 


EWA discount sheets. Several attractive 
t7 ; y : . 
F §9=— dealerships and agents territories padiocked. Over 70 other standard models to choose from in 


still open. 
onan aeuennscenenns fused or circuit breaker types with 15 to 60 amp, 3 and 4 wire 


ORMER os | 
EQUIPMENT CO. — 
Representatives: SOME EXCLUSIVE 
TERRITORIES ARE STILL OPEN! 


se wsccmiguacatt | wuromeceessen fidwest eectnic provucts, inc 
aching Dietribetee DISTRIBUTOR OR WRITE 

‘ ‘ 

CHICAGO Etkccixcc Ca. DEPT EC, MANKATO, MINNESOTA 


1322-24 W. Cermak Rd. © Chicago 8, Ill. 











iy WHERE 
To BUY 


Equipment, Materials, 
Supplies and Services for 
Electrical Construction— 
Maintenance—Repairs 














HAMMER + DRILL Power Packed—Tops in Dependability 


ne F DAYTON MAKES: BUILT TO OUT-PERFORM other standard-duty capacitor 

= : . motors—yet priced to save you up to 20%. Daytons are 

The WODACK® “DO-ALL”® : Split-Phase Motors doing an outstanding power job on machinery, pumps, 
e : ; Capacitor Motors blowers, conveyors, etc.—every where. 

is a powerful, hard hitting electric ham- Three-Phase Motors 

met. Fooste Change) in sae suemlte SS 375% STARTING TORQUE. 1/4 to 1 HP sizes 1725 RPM. 

a ee Gwe ha os Shaded Pole Motors 115/230V, 60 Cy. 50°C. rise, continuous duty. All-position 


Imagine how useful this two-way tool can be in : . . ar 
maintenance work. A public service company has Repulsion-Induction sleeve and ball-bearings. Rubber and rigid mounted. 


121 of them. A chemical company has 128. Drills 


concrete to I” dia. and to 24” depth. Gear Head Motors Nema 56 frames. 
of hammer tools. Sold factory-to-user. 


a for 
CORP. 4027 -W. Huron St. Chicago 44, Mh; AC-DC Motors GRAINGER’S WHOLESALE CATALOG features Dayton, West- 
Gun 408 athena <2 tetheihiteemhsinads, Generators, 115 & 230V inghouse, General Electric, Emerson and Wagner Motors. 
~ . . Fans & Fan Parts All stocked at your nearby Grainger Warehouse. 




















IDENTIFICATION NAME PLATES WRITE FOR NET-PRICE WHOLESALE MOTOR CATALOG 


Machine engraved on black bakelite with Dept. 76. 1185S. Oakley Blvd. Chicago 12 
white lettering—any titles—for controls, 
panels, etc. Quick mail service any dis- 


tance. Send for free sample and prices. 6 COAST-TO-COAST MOTORS - FANS - PUMPS 


G. F. BUNNELL CO. 
645 Cypress Road, Vero Beach, Florida WAREHOUSES GENERATORS - SLOWERS ~~ 
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the best switch for all on-off circuit applications... 


Now is the TIME to SWITCH to SANGAMO 


374 


SANGAMO 
HEAVY-DUTY TIME SWITCHES 


automatically control switching schedules in 


exact accordance with your specific needs 


Put Sangamo Heavy-Duty Time Switches, equipped with astronomic 
dials, to work in your lighting installations. Years of dependable, 
accurate and trouble-free service prove these the best switches for 
all on-off circuit applications. 


Sangamo’s astronomic dial controls switching schedules automatically 
in exact accordance with sunset and sunrise, or off before midnight, 
if you wish. It compensates progressively day by day for the change in 
the length of daylight and is available for all! latitudes. 

Only Sangamo Heavy-Duty Time Switches also offer the electrically- 
wound automatic carryover which keeps switch running for as long 
as 10 hours during power outages. No resetting or rewinding is 
necessary. 

Your Electrical Wholesaler can furnish you with all types of de- 


pendable, accurate Sangamo Time Switches. See him, today, for full 
information. 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS 





(vertising 


A 


Abolite Lighting Div., The 
Jones Metal Products Co..... 

Accurate Mfg. Co 

Acme Steel Co 

Adalet Mfg. Co., 

Adam Electric Co., Frank 

Advance Transformer Co...... 

Allen-Bradley Co. ........ 231, 

Allis-Chalmers Mfg. Co... .13, 


All-Steel Equipment, Inc 

Aluminum Co. of America. .18, 

American Brass Co., The Amer- 
ican Metal Hose Branch.... 

American Louver Co......... 273 

American Pamcor, 

American Steel & Wire Div. of 
By ON CRED o cace'se 276, 

American Telephone & Tele- 
graph Co. 

Amprobe a Div. of Pyramid 
Te, SO ads ae a meaionns 430 


Amprobe Jr., A Div. of Pyramid 


Inst. Corp. 
Anaconda Wire & Cable Co. 


Appleton Electric Co 

Arro Expansion Bolt Co..... 
ee, a 
Associated Research Inc...... 
Auth Electric Co., 

Automatic Switch Co......54, 


Baker-MasG IN. 6.60 secccses 4 320 
Seaver Pipe Tools, Inc....... 304 
SR a eer 
Bell Telephone System....... 
Berko Electric Mfg. Corp.... 
Biddle Co., James G. «2.2.2... 
Black & Decker Mfg. Co. .321, < 
Blackhawk Industries......... : 
Blackhawk Mfg. Co 
Briegel Method Tool Co 
Brook Motor Corp 
Bryant Electric Co., The. ..32, 
3uchanan Electrical Products 

CG. civkesitins ee ameteen 319, 
3ullDog Electric Products Co. 

85, 

3unnell Co., G. 
ee i, SF CLERC ET REE 
Bussmann Mfg. C 


Cc 


Canning-Pekara, Inc. ........ 3 
Carol Cable Co., Div. of the 
CARE Ce Boss ocd wont 
Century Electric Co.......50, 
Certified Ballast Mfgrs....... 
Champion Lamp Works 
Chase-Shawmut Co., The 
Chester Cable Corp.......... 
Cincinnati Time Recorder Co.. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1959 





In This Issue 


Circle Wire & Cable a Sub- 
sidiary of Cerro de Pasco 
Corp. 

Clark Controller Co., The 

Collyer Insulated Wire Co..... 

Conduflor Corp. 

Conduit Fittings Div. of 
Industries Inc. 

Conduit Nipple Mfg. 

Continental Wire Cor 

Cope Div., T. Sen Rome Cable 
UR Sd tang Bind a rahe nde 286, 

Couch C 

Crescent 
Cable Co. 190 

Crouse | ..Fourth Cover, 

177, 178, 179, 180 

Curtis Lighting, Inc So 

Cutler-Hammer, Inc.... 182 


Day-Brite Ltg 
Diamond Expa 
Inc. 
Diamond Wire & ( 
Dodge Corp | 
Dossert Mig { 
duPont deNe 
me 
Dutch Bi 


“11 
ville 


Eagle Electric 

Edwards C 

Efficiency E 

Electric Di 
Inc. 


SUM ow aaa eee 
ctric & Mfg. Co.. 
ribution Products, 


2 


ic 
+ 
St 


Electri-Flex ( 
Electro Lightir 
Electromode 

cial Contr y 
Ettco Wire & Cal 


Feedrail Corp 
Fullman Mfg 
Furnas Electri 


Garcy Lighting 
City Plating 
Engineerit 

Electric Co 


— 44 


Gateway 
Gedney 


ontinued on page 376 








KEES 


SOCKET 
METER 
COVER 


Fits All Standard “S° Type Meters 


Made from 16 gauge zinc-coated, rust resistant steel and finished in 
gray baked-on enamel, the KEES Socket Meter Cover is designed to 


prevent breakage of glass on socket meters and to insure long 


service in any climate. Outside diam.—8” and depth—5{” and over. 


Metal cover is also reported to minimize damage from excessive 


current surge due to electrical storms. 


Write P. O. Box 739 for Free Electrical Catalogue. 


F. D. KEES MFG. CO. 


BEATRICE 


NEBRASKA 


Since 1874 





WALL PLATES 
Choose from world’s 
largest selection, in 
plastic or metal all 
handsomely styled. 
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MERCURY 
SWITCHES 
Specification 
Grade and UL 
approved, each is 
individually tested 
and “‘T”’ rated 
Can be wired 
either top or back. 
Silent, too-just 
try them! 


SIERRAPLEX 
RECEPTACLES 
A new line and 
complete line of 
Specification 
Grade outlets 
Distinctively 
designed with 
“the look of 
tomorrow,” a 
complement to 
any decor 


SIERRA 
RECEPTACLES 
Conventionally 
styled and crafted 
to Specification 
Grade. Like 
Sierraplex, these 
premium outlets 
meet all Federal, 
NEMA, ASA, NEC, 
and REA 
standards. 








FREE! 
112-page 
Lighting Catalog 


Specifying lighting demands complete, up-to- 
date information. The Electro Lighting Corpora- 
tion general catalog is packed with photometric 
data, dimensional information . . . all the facts 
needed to write intelligent lighting specifications. 
It is kept current with the addition of pages on 
every major product change and innovation. For 
your up-to-the-minute copy, just attach this ad 
to your letterhead, and address to: 
Department R12. 
<_ 


Electro Lighting Corporation 
Le ghting Corp 


1535 South Paulina St. © Chicago 8, Ill. 





bends rigid or thinwall conduit with ONE frame! 


TAL BENDER 
Set No. 2C-EMT combines 
everything needed 
for better 
on-the-job 


bends 


You get everything needed for quick, smooth bending of 1” to 2” 
rigid and thinwall conduit up to 90° using the same frame. Set 
No. 2C-EMT includes basic 2” TAL BENDER, plus all shoes, 
bars, clamps and attachments, packed in sturdy wooden chest. 
High speed TAL BENDER MP-27 Motor Pump may be used 
for faster bending. Write for Catalog No. 35 which details the 
complete TAL BENDER line in 
sizes from 4” to 8”, or see your 
electrical wholesaler for full in- 
formation. 


oo RPO RATIO 


WAUKESHA, WISCONSIN 
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Wheelock SIGNALS 


___ The “know-how” name 
in fire alarm systems 


Wheelock Signals’ know-how in designing and producing 
complete fire alarm systems has been expanding and 
maturing for 40 years. 

Technical competence, refined and re-enforced by ex- 
tensive experience, is made available to aid you in 
providing adequate protection to structures of any size, 
now on the drawing board or in use for any period of 
time — office buildings, school buildings, industrial 
facilities, hospitals and sanitoriums. 


Write for descriptive 

bulletin FA-3 and 

the address of your SIGNALS 
local sales repre- — 


sentative. LONG BRANCH, N. v. 








Now! M&W Electric 
100-150-200 Ampere 
Service Entrance Fittings 


Meet the ever-growing demand for larger service 
entrance requirements — use entrance cable with 
M&W ENTRANCE FITTINGS. These include: 
Entrance Heads, Straps, Watertight Connectors, Non- 
watertight Connectors and Sill Plates. Available are 
a complete line of fittings for cable sizes 3 No. 3 to 
3 No. 4/0 using 1”, 1%”, 14” or 2” hubs. 


Send for New No. 59 illustrated Price Sheet 


with complete details. 


The M. & W. ELECTRIC MFG. CO., Inc. 


EAST PALESTINE, OHIO 
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SPECIFY RELIABLE PAINE 
PIPE STRAPS 


Paine offers a complete line of pipe and EMT heavy-duty straps. 
Each size is clearly stamped right on the strap, and they are 
designed for a wide variety of applications. 
or burred edges have been eliminated and Paine straps are 
beaded for extra strength. They are available in one or two 
hole styles and can be furnished with copper plating. 


the best craftsmen always take 
THE PAINE COMPANY, 10 Westgate Road, Addison, Illinois 


Series 
All sharp corners »~ #8900 
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SEARCHLIGHT SECTION 


tMPLOYMENT 
BUSINESS 


OPPORTUNITIES 


EQUIPMENT 
USED OR RESALE 





service. Contact: 


P. O. Box 440 


NEEDED NOW 


ELECTRONIC ENGINEERS 


In Alaska 


$5430 to $8810 per annum plus 25% cost-of-living allowance, Enjoy a career in 
the Federal Civil Service with paid annual and sick leave, retirement benefits, paid 
transportation to Alaska and return for leave purposes. 


Federal Aviation Agency 


Positions in Federal career 


Anchorage, Alaska 








TRANSFORMERS 


BOUGHT — SOLD — RENTED 
REWOUND — RE-DESIGNED 
MANUFACTURED 
Ask For Our Price Schedule And Stock List 
THE ELECTRIC SERVICE CO., 5322 Hetzel St., Cincinnati 27, Ohio 


“America’s Exclusive Independent Transformer Service Shop” 








Announcing 


ELECTRICAL CABLE TESTING 


D.C. HI-POT CABLE TESTING SERVICE 


Mobile Equipment Capable of 120KV D. C. 
aximum Test Voltage 


Now Available To 
Electrical Contractors, Industrial Plants, 
and Other High Voltage Cable Users at 
Reasonable Rates. 


Call or Write 


UNIVERSAL TESTING CORPORATION 


2929 North Paulina Street, 
Chicago 13, Illinois 
EAstgate 7-4644 








DON’T FORGET 


the box number when answering adver- 
tisements. It is the only way we can 
identify the advertiser to whom you are 
writing. 
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WIRE and CABLE WHEN YOU NEED IT 
From Chicago you can get immediate 
delivery on all types of ectric Cable. 
Order today. We ship same day. 

Send for our latest stock sheet 
UNIVERSAL WIRE & CABLE COMPANY 
2919 N. Paulina St. Chicago 13, Ill. 
Branches: Los Angeles—H ouston—Denver 














ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. 0. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post St. 





BUSNESS OPPORTUNITIES 


Wanted: To buy one-half interest in an elec- 
trical contracting or motor repairing shop 
in mid-west area. BO-1328, Electrical Con- 
struction & Maintenance. 





Electrical Estimator wanted for fast growing 
contracting firm in Southern California. BO- 
1533, Electrical Construction & Maintenance, 
San Francisco. 
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STARTERS IN QMB_ 
PANELBOARDS! f= 











































































































IT TAKES } IT TAKES 


41 HOURS ano 6 FEET ) HOURS and 30 INCHES 


OF WALL SPACE TO INSTALL > OF WALL SPACE FOR THE 
AND WIRE SWITCHES SAME INSTALLATION WITH A 
AND STARTERS LIKE THIS QMB STARTER PANELBOARD 


Why mount separate starters and disconnect switches? 
It costs extra money. It wastes space. It takes a lot more 
time. QMB Starter Panelboards give you a safer in- 
stallation because you can’t open a starter when the 
switch is ON. They give you a much better looking 
job. Since they can even be flush mounted, they offer 
a lot more installation flexibility. QMB panelboards 
accommodate reversing and non-reversing starters, 
sizes 0 through 3. QMB switchboards and unit sub- Notice how the plug-in switch unit 
stations handle sizes O through 5. All of them are avail- etarrscisd cenit 3 - rn Regs shee ened 
able, factory-assembled and wired. Or get enclosures, when the switch is in the “ON” position. 
starters and plug-in switch units from your Square D It's easy to order these starter and switch 


§ hans : units. See Page 57 in your Square D Digest and 
distributor for on-the-job assembly. colnet Sune aa 


EC&M weavy inpustry ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 











The latest refinement in a long-tested, proved 
and improved explosion-proof combination 
Motor Starter & Circuit Breaker, this new 
Crouse-Hinds Condulet® EPC-M59 brings you 
tomorrow’s convenience, dependability and 
safety at yesterday’s prices. 

Designed to conform with the National Elec- 
trical Code requirements for Class I, Groups C 
and D; Class II, Groups E, F and G; and Class 
III, it provides for built-in breathers and drains 

. built-in push-button stations, selector switch 
and pilot lights . . . seven taper-tapped conduit 
entrances . . . starter below breaker for safe, 
easy maintenance . . . compact design to permit 
a greater number of controls in any given area. 

Now available in 7” and 9” sizes for Sizes 1 
and 2 starter combinations. For more detailed 
information consult your Crouse-Hinds dis- 
tributor, or any of the offices listed below. 





ROUSE S@ HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 


i 1 1 
@ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proot and Conventional) @ FLOODLIGHTING 
© TRAFFIC CONTROL SYSTEMS © AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 


These products are sold entity —— election! distributors. > ens engineering help. contact 
one of the Sttontas offices 


k ty Los Angele 
F d e L t 
Resident Representatives: 
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